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INTRODUCTION TO TELECOMMUNICATION PRODUCTS 


Advanced Micro Devices supplies system solutions for your telecommunications applications. AMD provides custom- 
ers with the most advanced integrated circuits, together with the software and development tools necessary for 
keeping pace with the ongoing revolution in telecommunications. AMD telecommunication products support applica- 
tions ranging from switches for the analog telephone network to terminals for the Integrated Services Digital Network 
(ISDN). 


Analog Subscriber Solutions 


AMD has established a leadership position in the telephone switching equipment marketplace with the Subscriber 
Line Interface Circuit (SLIC) and Subscriber Line Audio-Processing Circuit (SLAC™ and DSLAC™) products. These 
components are used in telephone Central Office Exchanges and PBXs around the world and are used in some of the 
most sophisticated Central Office Exchanges available today. 


AMD’s many evaluation boards, software packages, kits, and extensive documentation allow quick evaluation of the 
SLIC/SLAC and DSLAC circuit’s performance and features, and fast time-to-market for linecard applications. 


ISDN Solutions 


ISDN is the standard for the conversion of the world telephone network to an integrated, public digital network for both 
voice and data. ISDN technology is being implemented and tested in many parts of the world, and its use will acceler- 
ate as the speed and cost advantages of digital communications become readily apparent. The ISDN network will 
provide a multitude of new services through simultaneous transmission and reception of voice, data, and video overa 
common network. 


AMD’s Am79C30A Digital Subscriber Controller™ ISDN circuit provides maximum functional integration consistent 
with international standards. It is the world’s first ISDN terminal circuit that can be used to build ISDN telephones and 
terminals that conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller, 
and a power controller, are all that is needed for a basic CCITT power-compliant telephone or terminal. AMD’s ISDN 
development boards and support software guide the user through each step of the ISDN product development 
process, significantly reducing time-to-market. 


AMD’s Complete Offering 


The telecommunication function is just one of the areas where AMD can aid design efforts. AMD is also a leading 
supplier of programmable logic devices, high-performance memories, the CISC and RISC processors, and related 
peripherals. 


AMD has developed more solutions than anyone else for getting applications to market faster with programmable 
logic. AMD offers the broadest, best-supplied line of programmable logic devices in the industry. 


AMD's total system solution for managing high-performance dynamic memories offers flexibility, integration, and per- 
formance with the industries fastest 32- and 16-bit error detection and correction circuits and the most flexible DRAM 
controllers and drivers. AMD is a pioneer in the field of specialty memory devices with an extensive line of bipolar and 
CMOS FIFOs. AMD also supplies a broad range of EPROM and SRAM products. 


AMD’s Embedded Processor Division supplies 8- and 16-bit microcontrollers as well as bit block and field programma- 
ble controllers. This group also manufacturers the high-performance Am29000™ Family of 32-bit RISC processors. 
AMD also offers a line of iAPX microprocessors and related peripherals from the 8088 to the high-performance 
Am386™ microprocessor. 
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INTRODUCTION TO SLIC PRODUCTS 


AMD’s Subscriber Line Interface Circuit (SLIC) products perform the telephone line interface functions required by 
most types of telephone switching and transmission equipment. In addition to supporting the BORSCHT functions 
(Battery Feed, Overvoltage protection, Ringing, Supervision, Coding, Hybrid and Test), the AMD SLIC Family offers 
such features as current limiting, on-hook transmission, polarity reversal, tip-open mode for ground start signaling, 
ground- key detection, and ground-key filtering. 


SLICs optimize linecard costs by minimizing the number of components needed per line, by minimizing the 
board space requirements, and by supporting automated manufacturing techniques not supported by alternative 
technologies. 


SLIC Types 


AMD’s SLIC products are designed to address a number of different applications including: 


e Central Office Switches, 
e Private Branch Exchanges (PBXs) and Key Systems, 
e Digital Loop Carriers (DLCs), Multiplexers, Channel Banks, and Fiber-In-The-Loop (FITL) equipment. 


SLICs intended primarily for Central Office applications are offered and comply with the most stringent standards set 
by the CCITT, Bellcore, and/or British Telecom. Central Office SLICs also incorporate a self-adjusting switching regu- 
lator to reduce power consumption to a minimum and enhance system reliability. Constant current feed SLICs, con- 
stant voltage feed SLICs, and versions of each SLIC that supports metering are offered in a variety of configurations 
and package types. 


AMD also offers SLICs optimized for other switching applications such as PBXs. These SLICs are specified and tested 
to meet the requirements of both the EIA/TIA-464-A and ETSI TE10-—02 PBX standards. They have a wider battery 
operating range than the Central Office SLICs and will operate with either 24- or 48-V batteries. Also, the switching 
regulator function is either not offered or is optional, saving the cost of a few external components in applications 
where power control into short loops is unnecessary. 


Both Central Office and PBX SLICs support on-hook transmission and offer extended temperature performance, mak- 
ing either type ideal for Digital Loop Carrier and Multiplexer applications. SLICs from both Central Office and PBX 
families are offered that comply with Bellcore’s TR-TSY-000057 Specification for DLCs, and TR-909 for FITL. 


Performance grades are offered for all AMD SLICs that support the various idle channel noise and longitudinal balance 
specifications worldwide. 


SLIC Functions 


The signal transmission functions of all AMD SLICs include both two-to-four wire and four-to-two wire conversion. The 
two-wire termination impedance is programmed with a single external impedance. The companion AMD SLAC or 
DSLAC IC (Single- or Dual-Channel Subscriber Line Audio-Processing Circuit) has a digital balancing filter that pro- 
vides the trans-hybrid loss function. If the DSLAC device is not used, most codec/filters provide an uncommitted 
op amp for this purpose. 


The SLIC’s battery feed architecture makes the DC feed characteristics programmable by external resistors. Further- 
more, these characteristics are independent of battery variations. AMD’s PBX SLICs can operate from below 24 V to 
above 48 V, while the Central Office SLICs are optimized for 48-V operation. 


Apolarity reversal function is provided on most SLICs whichtransposes the voltage applied to the A(TIP) and B(RING) 
leads with a controlled transition time. All transmission functions continue normally following the transition. A disable 
mode is also provided, limiting loop current and cutting power dissipation while allowing the full complement of super- 
visory functions to be utilized. 





SLIC Products 1-3 


al AMD 


The supervisory functions of off-hook detection and ring-trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook signal may be filtered before being detected. Off-hook detec- 
tion has athreshold that is set by the value of an external resistor. Additional supervisory controls put the A lead into an 
open circuit (high impedance) state suitable for application in ground-start systems. Similarly, both the A and B leads 
may be open circuited to clear relays, recover from line faults, or turn off out-of-service lines. Two relay drivers support 
ring and test relay functions, or can be used for other functions such as a message-waiting lamp. 


The SLIC’s user-programmable states are controlled by a TTL-compatible code. The control inputs are designed to 
easily interface to popular single-chip microcontrollers, such as the industry standard 8051, or to latched outputs from 
a SLAC or DSLAC device. 
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PRODUCT SELECTOR GUIDE 


The following selector chart shows the most commonly used AMD SLIC types offered at the time of publication. SLIC 
part numbers are shownat the top of the chart and are referenced to the principal SLIC characteristics and features on 
the left. Use this selection chart to identify a SLIC that meets the general needs of a specific application, then turn to the 
appropriate data sheet for detailed information. If there is no SLIC that meets these specific requirements, contact 
the local AMD sales office or the AMD Communication Products Division for information on new SLIC product 
offerings or other assistance. 


Bond-Out Options 


Some of the Central Office SLICs are offered in a number of different bond-out options. These SLICs are the 
Am7953n, Am7957n, Am79M53n, and Am79M57n, where the n is a number indicating the bond-out option used. 
Generally, the bond-out options are as follows. 


n=O indicates that both EO and E1 functions are present, with one relay driver and no ground-key filter. 
n=1 indicates that both EO and E1 functions are present, with a ground-key filter and one relay driver. 
n=2 indicates that the E1 function only is present, with two relay drivers. 

n= indicates that the EO function only is present, with two relay drivers. 

n=4 indicates that both EO and E71 functions are present, with two relay drivers (82-pin PLCC package). 


n=5 indicates that both EO and E1 functions are present, with a ground-key filter pin and one relay driver (32-pin PLCC 
package). 


All these SLIC versions are potentially available, but not all are presently in production. Versions that are in volume 
production are indicated in the chart. If a specific bond-out configuration is not indicated to be in production, please 
contact AMD’s Communication Products Division or the local AMD Sales Office. 


Performance Grades 

Each of the devices shown on the selector chart is offered in standard, —1, and —2 performance grades. Enhanced 
performance is specified in the following areas: 

e Analog output DC offset 

e Longitudinal balance 

e Gain flatness and tracking 


Idle channel noise 


e Power supply rejection ratio 

e Power dissipation 

The ~2 performance grade has the same performance as the —1 grade except where noted. See the individual prod- 
uct’s data sheet for more information. The —2 performance grade SLICs have also been characterized for extended 


temperature performance. See the SLIC Extended Temperature Supplement for information on industrial tempera- 
ture range (—40°C to +85°C) specifications. 
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Selector Chart 
Possible SLIC Products 
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SLIC FAMILY FUNCTIONAL DESCRIPTION 


The internal operation of the AMD Family of Subscriber 
Line Interface Circuits is summarized in the Block Dia- 
gram in each of the SLIC Family data sheets. The follow- 
ing sections describe in detail the operation of each 
block in these diagrams. 


Two-Wire Interface 


The function of the two-wire interface is to provide DC 
current and to send voice signals to a telephone appara- 
tus connected to the central office with a two-wire line. 
The two-wire interface also receives the returning voice 
signals from the telephone transmitter. 






Protection 











(TIPX) 


Rue 


Protection 


B 
(RING) 


Figure 1. Two-Wire Interface 


A 
Current In = I/Ky 
Amplifier 
h + Im Im 
Y + 
ha 
Vacmet 


AMD al 


The two-wire interface (see Figure 1) consists of two 
current mode line-driver amplifiers, line-voltage sensing 
circuits with AC/DC pass separation, and a loop-current 
sensing Circuit. 


The current mode amplifiers driving the AX(TIPX) and 
BX(RINGX) pins are controlled by two input signals, 
and Iw. IL: controls the longitudinal (common mode) cur- 
rent, and Im controls the metallic (transverse) current. 
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The two-wire currents are: 
lax = Ki (lu + Im) and lex = Ki(dur — I) 


Where: K, is the internal current mode amplifier 
gain. 


Iw is equal to the current into the Receive Summing 
Node (RSN), which is the terminating point for the 
external networks controlling two-wire impedance, re- 
ceive gain, battery feed, and metering gain (in metering 
versions). These networks are described in detail later. 
lu controls the longitudinal line voltage to obtain the 
optimum common mode DC operating point for the cur- 
rent mode amplifiers. 


The voltage sense signal (Vacmer) that goes to the signal 
transmission block is the AC metallic component of the 
AX and BX voltages. 


Two voltage sense signals (|Vocmer] and Vions) go to the 
power feed controller block. Vocmer is the DC metallic 
component of the AX and BX voltages. Vione is the 
longitudinal component of the AX and BX voltages. 


An external capacitor (Cure), connected between HPA 
and HPB, separates the AC and DC components of the 
metallic voltage. Since the time constant would be too 
long during polarity reversal or pulse dialing, the two- 
wire interface has a shorting circuit that decreases the 
time constant during these events. 


The loop-current sensing circuit produces a current (Io) 
that is proportional to the magnitude of the loop current 
and is output to the Ro pin. An external resistor and filter 
capacitor connected from Ro to Vee converts this current 
to a filtered voltage for use by the off-hook 
detector. 


Signal Transmission 


Figures 2a and 2b provide more detail of the SLIC 
transmission path. This path is split between the signal 
transmission block and the two-wire interface block. 


The AC line voltage is sensed by differential amplifiers 
between the AX and HPA leads, and between the HPB 
and BX leads. The outputs of these amplifiers are equal 
to the AC metallic components of the line voltages. 


These voltages are summed and buffered by the op 
amp Gr. For non-metering versions, Grx is set to a gain 
of 1.0. For metering SLICs, Grx is set to a gain of either 
0.51 (2.2 VRMS metering versions) or 0.282 (5.1 VRMS 
versions) to avoid overload during metering signal 
transmission. Longitudinal voltages are rejected by the 
differential amplifiers and do not affect Vrx. 


The balance return signal on Vrx exhibits 180° phase 
shift with respect to Vax. This allows the SLIC’s two-wire 
AC input impedance to be programmed by means of an 
external impedance that is connected between RSN 
and Vx (see Figures 2a and 2b). This impedance may 
be a complex R-C network and should be K; times the 
desired two-wire input impedance minus K; times the 
fuse resistors. This means resistors become K; times 
larger and capacitors become K;, times smaller. Note 
that any external stray capacitance between Vix and 
RSN must be included in Z; when precise computations 
for output impedance, gain, trans-hybrid loss, or return 
loss are being made. 


Zr = Ki Grx (Zown s 2Rr) 
Where: Zawn = desired two-wire impedance 


The four-wire output is found on the V;xterminal, and the 
four-wire input terminal is Vex (see Figure 2b). Both 
these ports are referenced to analog ground (AGND). 


Because the fuse resistors are outside the feedback 
loops, they influence the effective gains. These gains 
are as follows: 





Vas Z KiZr 
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te Vax : Zex Zr + KiGrx (Z. + 2ar) 
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2b. Simplified Model (AC Only for Conceptual Purposes) 
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Figure 2. SLIC Transmission Model 
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The dynamic performances of K; (the current amplifier 
gain) and Grx (the transmit voltage amplifier gain) are 
modeled by the following S-domain transfer functions: 


1 


Ki(S)=|[K) 
14+1.15 - 10° [36+ 2.58 (S)] - S 
| Grx| 1 
Grx(S) = ——_—— 
ax 1 144.5 - 107S 
424 - 10°Cur S 
Where: {Ki| |= Current amplifier DC gain 


Zas | = Load between the AX and BX pins 
|Grx] = Two- to four-wire transmit path 
midband gain 


These functions are useful for the prediction of system 
return loss and echo cancellation performance. The 
value of Ki is typically 1000 for the Am795XX/ 
Am79M5XX versions. Ki is 200 for the Am7942, 
Am7943, and Am7958. Gm is 1.0 for non-metering 
SLICs, 0.51 for metering versions, (AmM79M53X/M57X) 
and .282 forthe AmM79HM53. Cur sets the low frequency 
limit of the voice band response. A Cup value of 0.33 WF 
should optimize voice-band and DC-loop performance 
in many applications. 


The transmission circuit also contains a longitudinal 
feedback circuit to shunt longitudinal signals to a DC 
bias voltage (VLsas) which comes from the power feed 
controller. Longitudinally, the SLIC typically appears as 
25-ohm resistors from AX and BX to VLeus. The longi- 
tudinal feedback does not affect metallic signals. 


In metering versions of the SLIC, metering signals are 
injected by adding an additional current into summing 
point RSN through an external impedance, Zu. 


Power Feed Controller 


The power feed controller has three sections: (1) the 
battery feed circuit; (2) the polarity reversal circuit; and 
(3) the bias circuit. These are shown in Figures 3a and 
3b. The detailed model is shown in Figure 3a and the 
simplified model in Figure 3b. 


The battery feed circuit regulates the amount of DC 
current and voltage supplied to the telephone over 
a wide range of loop resistance. The polarity reversal 
circuit gives the SLIC the capability to.reverse the loop 
current for pay telephone coin return and other applica- 
tions. The bias circuit provides a reference voltage, 
which is offset from the subscriber line voltage. The 
reference voltage controls the switched mode regulator 
(described later), which minimizes SLIC power con- 
sumption by providing the minimum supply voltage 
needed by the line drivers for proper operation. 


Vocmer is the DC component of the voltage between 
AX and BX. When Cup is 0.33 pF, the low pass filter 
formed by Rue and Cue attenuates frequencies above 
1.2 Hz. The loop current is equal to K; times the current 
into the Receive Summing Node (RSN), which is equal 
to the voltage on Roc divided by Roc: + Rocz. The values 
of the programming resistors, Roc: and Rocz, should be 
kept somewhat equal in order to minimize the size of 
Coc. 


Inconstant current feed versions, the battery feed circuit 
produces a voltage at the Roc pin whose magnitude is 
equal to 2.5 V, and whose sign depends on the feed 
polarity desired (minus for normal polarity and plus for 
reverse polarity). The net result is that the SLIC appears 
to have a constant current feed with the feed current 
given by the following equation: 


2.5K: 


feo = 
Rocz + Rocz 


For example, if Ki is 1000 and a loop current of 40 mA 
is desired: 


25 - 1000 


70 = 62.5K 


Root + Roce = 
In this example, values of Roc: and Roc of 31.25K could 
be used. 


For resistance feed versions, the battery feed produces 
a voltage at the Roc pin whose magnitude is equal to 
(50 — |Vocmer|)/20, and whose sign depends on the feed 
polarity desired (minus for normal polarity and plus for 
reverse polarity). The net result is that the SLIC appears 
to have an apparent open circuit voltage of 50 V and 
a feed resistance, Rreeo, equal to 20(Roc: + Roc2)/Ki; 
thus, the feed resistance is programmable, but the 
apparent open circuit voltage is not. Including the fuse 
resistors Re, the total feed resistance is then: 


20(Roe: + Roce) 
Ki 


For example, if K, = 1000, and a feed resistance of 
840 ohms is desired using 20-ohm fuse resistors: 


Rreeo = 2Rr + 


1000(840-2 - 20) _ 
20 7 


In this example, values of Roc: and Rocz of 20K could be 
used. 


Roe: + Rocz = 40K 


All versions of the SLIC have an anti-saturation guard 
that prevents the output amplifiers from saturating under 
high line voltage conditions which, in turn, prevents clip- 
ping. When the V,x to Vexvoltage reaches a threshold of 
approximately 30 V (exact voltage depends on SLIC 
version), the SLIC goes into the Anti-sat 1 region of 
operation. 
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Note: The 1/20 operational amplifier is only present in constant resistance feed versions of the SLIC. 


3a. Detailed Model 
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Figure 3. SLIC Power Feed Controller 
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In this region, the feed synthesis loop gain is greatly 
increased, thereby reducing the output resistance to a 
much lower value. The output voltage then rises at a 
slower rate with increasing loop resistance, thereby 
keeping the amplifier out of saturation. All transmission 
specifications are met in the Anti-sat 1 region. If the line 
voltage increases further to greater than approximately 
15 V (exact voltage depends on SLIC version) below 
Vaart, the SLIC goes into the Anti-sat 2 region where the 
loop gain is again increased and the output resistance 
further decreased. In this region, the voltage rises very 
slowly, with increasing loop resistance, and the DC feed 
of the SLIC looks almost like a constant voltage source. 
The transmission specifications in the Anti-sat 2 region 
will be somewhat degraded. Load lines and equations 
describing all regions of operation are provided in each 
device data sheet. 


To obtain polarity reversal, the input decoder and con- 
trol circuit send a signal that reverses the sign of the 
voltage on the Roc pin. During reversal, sense resistors 
Rue are drastically reduced in value to reduce the time 
constant formed by Rup and Cue. This allows the polarity 
reversal time to be controlled only by Coc and the parallel 
combination of Roc: and Rocz. A typical polarity transition 
time is 1.5 ms. In the previous example fora resistance 
feed version SLIC, Roc: and Roce were computed to be 
20K. The value of Coc should then be 0.15 pF. 


The Vrer output of this block is fed to the switching regu- 
lator (see next section) which adjusts Vrec, the voltage 
supplying the line output amplifiers, until it is equal to 
twice Visas. Additional BIAS is added to provide enough 
“headroom” for the amplifiers to always operate in the 
linear region. In summary, the equations for these 
voltages are: 


Vereo = Vacr = — (|Voemer| + BIAS) 
Visas = Veer/2 
Switching Regulator 


The switching regulator supplies the operating voltage, 
Vrec, to the two-wire interface (see Figure 4). This 
circuit adjusts Vrec to the minimum voltage necessary 


to power the output amplifiers. In this manner, the 
power consumption is held to a minimum. This is par- 
ticularly important for short loops where there is a 
potential for high loop currents. 


A 256- to 282-kHz clock is required at input CHCLK to 
operate the switching regulator. The switch control tells 
the switch to disconnect the L pin from Vaar at the begin- 
ning of each CHCLK cycle, and connect it for a time that 
depends upon the difference between Vrer and Vrec. 
During this time, the current through the inductor de- 
creases. A comparator senses when Vrec falls below 
Veer and the inductor is again switched to Vasar. The result 
is that the average value of Vnes is always held equal to 
the value of Vrer. The filter capacitor, Crr, between Vrec 
and BGND smooths out the ripple caused by the induc- 
tor switching action. 


The regulator is a high-gain feedback circuit, and there- 
fore requires the stabilization network formed by Recu, 
Com, and Ccu2 between Vacs and CHS. 


The design and layout of the external switching regula- 
tor circuitry are very important. Fast switching currents 
can occur in the catch diode, D,, and in the Voor filter 
capacitor, Cesar. These must be low inductance compo- 
nents with short leads. Capacitor Cri must have low 
effective series resistance at high frequencies. A stable, 
voltage insensitive capacitor, such as a metallized poly- 
ester type, should be used. 


The connections from the diode to the L pin, from Casr to 
the Vsar pin, and from the diode to Casr must all be short, 
low-inductance connections. The L pin is subject to very 
fast voltage transients as the switch turns on and off, so 
all of the connections to this pin must be isolated from 
sensitive signals by means of traces connected to 
BGND. All of the external components in the regulator 
circuit except Cc: must have voltage ratings in excess 
of 70 V. Ccu: can have a voltage rating of 10 V or more. 
In addition, the diode must have a reverse recovery time 
of less than 4ns. Allof the SLICs in a system should be 
synchronized to a common clock to prevent inter- 
modulation products and crosstalk in the voice band. 
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Input Decoder and Control 


The input decoder and control block provide a means 
fora microprocessor or SLAC IC to control such system 
functions as line activate/disable, ringing, and polarity 
reversal. 


The input decoder and control block has TTL-compat- 
ible inputs, and sets the operating states of the SLIC. 
C;, C2, and Cs inputs are common to all versions and 
can select seven operating states. C. is a dedicated 
input used as a test relay command in versions with 
a test relay driver. Eo and E; control the function of the 
DET output. Table 1 summarizes the SLIC control logic. 


Off-Hook Detector 


The first and most important loop monitoring function is 
off-hook detection. The block diagram of this detector is 
shown in Figure 5. 


The two-wire interface produces a current equal in mag- 
nitude to the loop current divided by 292, and sends it 
out on the Ro pin. An external resistor and capacitor (Ria 
and C.) connects the Ro pin to Vee (-5 V). The value of 
the voltage across resistor Rz is the current leaving the 
Ro pin times the value of Ra. The off-hook detector 
outputs a logic Low to the DET pin when this voltage 
rises above a threshold of 1.25 V. 


The value of Rs required for a desired off-hook line 
current threshold is then: 


365 


ItHRESH 


Ra= 





The value of C. for a typical on-hook to off-hook time 
constant of 0.5 ms should satisfy the relation: 


Ra Ce = 0.5 ms 


Table 1. SLIC Decoding 








State Two-Wire Status 


Open Circuit 
Ringing 










pt 


0 Active 


NP Oo ;aypaRy @& 


Open Circuit: When the SLIC is in the Open Circuit state, 
both the AX(TIPX) and BX(RINGX) power amplifiers are 
switched off and present high impedance to the line. The 
Open Circuit state has the lowest power dissipation. Loop 
detectors are inoperative in this state. This function is useful 
for allowing line-powered relays to collapse, denying power to 
out-of-service lines, as well as allowing clearing of line faults. 


Ringing: When the SLIC is in the Ringing state, the ring relay 
driver (RINGOUT) is activated, and the Ring Trip Detector is 
readable at DET. Also, the AX(TIPX) and BX(RINGX) are both 
open circuit. While the SLIC is in the ringing state, signal 
transmission is inhibited. 


Active: In states where normal, Active operation is in- 
dicated, the standard battery convention applies; AX(TIPX) is 
near ground and sources current. BX(RINGX) is near Vear and 
sinks current. During active mode operation, all signal trans- 
mission and loop supervision functions operate, and the off- 
hook detector or ground-key detector is gated. to DET. 


Disable: The Disable operating state is the SLIC’s low-power 
mode in which the battery feed circuit limits the DC loop cur- 
rent to typically 0.5 (value depends on SLIC version) times the 


ne | 


Disable Polarity Reversal 


DET Output 


EO=1 EQ=1 
E1=0 E1=1 


Ring Trip Ring Trip 


Ring Trip Ring Trip 


Loop Det. Ground Key 


Loop Det. Ground Key 


active-mode short circuit current limit. In this state, the off- 
hook detector works normally. 


Tip Open: When the SLIC is in the Tip Open state, the 
AX(TIPX) power amplifier is switched off so that it presents a 
high impedance to the line. This mode is provided to facilitate 
ground start signaling. 


Active Polarity Reversal: When the SLIC is in Active Polarity 
Reversal state, the normal battery feed convention is re- 
versed, with BX(RINGX) approaching ground and sourcing 
current, while AX(TIPX) approaches battery and sinks cur- 
rent. While AX(TIPX) and BX(RINGX) are in transition, the 
off-hook function is meaningless because the loop current 
must pass through zero. 


Disable Polarity Reversal: This state is similar to the Disable 
state, except that the feed is reversed. 
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Figure 5. Signaling Off-Hook Detection 


Ringing Circuit 


A generalized ringing circuit is shown in Figure 6. In 
common applications, the circuit can be simplified as 
shown later. During ringing, the ring relay driver is acti- 
vated and the AX(TIPX) and BX(RINGX) leads are 
placed in the open circuit state. The ring feed source is 
connected by the ring relay to the line, through ring feed 
resistors R: and Ro. 


The bridging resistors Re:, Ree, Re, and Rs, and filter 
capacitors Cer1and Carz, produce a DC voltage sign re- 
versal between DA and DB when an off-hook occurs. 


If Ruswx is the maximum line resistance that is to be 
detected as an off-hook, the bridging resistors should be 
chosen such that: 


Rai = Ree = (Remax + Rreep) 
Rs Re Puax 


Where: Rreeo = Ri + Re 


The capacitors reduce the effective amplitude of the 
ringing signal by a factor of 1/|1+4j2rf.tl. 
RsRai Can RaRee Care 


where: t = + 
Rs + Rai Ra + Ree 


For f-=20 Hz ringing, Crt should be chosen to give a 
value of t=50 ms. This will reduce the ringing by a factor 
6.4 and allow detection within 2 ringing cycles. 


For balanced ringing, the ringing voltage splits between 
the ground and battery sides. The resistors should be 
balanced, (i.e., Ri= Re, Re: = Rez, and R3=Ra). A single 
capacitor of half the value between DA and DB can re- 
place the capacitors Cat: and Care. 


For unbalanced ringing on the ground side, use 
equal networks with Ri=Rez, Re:1=Rez, Rs=Ra, and 
Crti = Cate. 


For unbalanced ringing on the battery side, the following 
simplification can be made. The positive side of the ring- 
ing supply is grounded and Rh; Is replaced by a short cir- 
cuit. In this case, the Ra, Rez, and Catz network can be 
combined with other channels into a ringer threshold, 
because the voltage on the DA pinis independent of line 
conditions. 


Ground-Key Detector 


The Ground-Key Detector (for ground-key versions, see 
Figure 7) compares the longitudinal control current (1) 
to an internally generated threshold current, lr. The 
current flowing in the earth loop will be proportional to 
the longitudinal control current. When the current in the 
earth loop exceeds the threshold value and E; is High, 
the ground-key signal forces the DET output Low. 
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Ring Relay Driver Test Relay Driver 

A ring relay driver is providedinallversions. The normal _ A test relay driver is provided only on dual relay driver 
functioning driver is an internal transistor, with the versions, and has specifications identical to the ring 
collector sourced to BGND and the emitter as the driver relay driver. In these versions, the test relay driver is 
output. Some versions may have the collector brought —activated by logic 0 at input pin C.. 


out to a separate pin. 
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Figure 7. Ground-Key Detector 
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PBX SLIC 
General Description 


AMD's PBX SLICs are the Am7942 and Am7943(A). 
Both are compliant to EIA/TIA-464-A and ETSI- 
TE10-02 PBX standards, and will operate over a wide 
range of battery voltages. 


The Am7942 incorporates a switching regulator func- 
tion, similar to that offered on the Central Office SLICs, 
and is idealfor large PBXs intended for campus environ- 
ments or other applications where loop length is ex- 
pected to vary a great deal. In applications such as this, 
the switching regulator automatically adjusts the voltage 
applied to the SLIC’s amplifiers to the minimum required 
to achieve the specified loop current, thus minimizing 
the system's power consumption. In cases where power 
consumption is not an issue, such as many 24-V battery 
applications, the switcher can be bypassed, eliminating 
the need for a few external components and lowering 
system cost. The Am7942 is tested under both 24- and 
48-V battery conditions. 


The Am7943(A) also incorporates power management 
circuitry, but in this case, power is dissipated in an exter- 
nal resistor. This approach, while not minimizing system 
power dissipation, lowers system cost by eliminating 
some external component requirements, and maintains 
device reliability, even at higher battery voltages. 


Two versions of the Am7943(A) are offered: the stan- 
dard Am7943 andthe Am7943A. The primary difference 
between the two versions is the way the devices are 
tested. The standard version is tested with a 24-V 
battery and a 600-ohm load to ensure compliance to 
most PBX requirements. Polarity reversal and other 
functions not typically required by PBXs are not offered 
on the standard version. The “A” version of the Am7943 
is specified and tested for compliance to Bellcore’s 
TR-TSY-000057 standard required by Digital Loop Car- 
riers (DLCs) and other types of switching equipment. 
The Am7943A is tested with a 48-V battery and a 
900-ohm load. 


Both the Am7942 and Am7943 support on-hook trans- 
mission and offer extended temperature performance, 
making either type suitable for Digital Loop Carriers and 
other applications. 


The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and four-to-two-wire 
conversion. The two-wire termination impedance is 
programmable with a single external impedance. The 
companion AMD SLAC or DSLAC IC (Single-Channel! 
or Dual-Channel Subscriber Line Audio-Processing 
Circuit) has a digital balancing filter that provides the 
trans-hybrid loss function. If the DSLAC IC is not used, 
most codec/filters provide an uncommitted op amp for 
this purpose. 


The SLIC’s battery feed architecture makes their DC 
feed characteristics programmable with external resis- 
tors. Furthermore, these characteristics are independ- 
ent of battery variations. 


A polarity reversal function is provided on all SLICs 
which transposes the normal voltage sense of the 
A(TIP) and B(RING) leads with a controlled transition 
time. All transmission functions continue normally fol- 
lowing the transition. A disable mode is also provided, 
limiting loop current and cutting power dissipation while 
allowing the full complement of supervisory functions to 
be utilized. 


The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection hasa 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, or turn off out-of-service lines. Relay 
drivers support ring and/or test relay functions, or canbe 
used for other functions such as activating a message 
waiting lamp. 


The SLIC’s user-programmable states are controlled by 
a TTL-compatible code. The control inputs are designed 
to easily interface to popular single-chip microcon- 
trollers, such as the industry standard 8051, or to 
latched outputs from a SLAC or DSLAC device. 
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28-Pin Plastic DIP 
or 
28-Pin Ceramic DIP 





BGND [| 1¢ |_| BX(RINGX) 
Vaca LJ} 2 |_| AX(TIPX) 
Vee L_] 3 |_| DB 

RINGOUT [_| 4 |_| DA 
Li] 5 |_| Ro 
Vear L_] 6 Am7942PC |_| HPB 
Qasr L_| 7 or |_| HPA 
CHs TT] 8 Am7942DC 7] Ves 
CHCLK [|_| |_| Vee 
a il |_| RSN 
DET [_] |_| AGND/DGND 
C2 [| |_| GKFIL 
C3 |_| |} Roc 


32-Pin PLCC 


4 L] RINGOUT 
32} BX(RINGX) 


31) AXcTIPx) 


e1 |_| BGND 
30|_] DB 


to} 
uw 
a 
> 
| 
N 


3 | Veco 






TPL 29|_} TP 
TESTOUT LI 28L]} DA 
L 27|_] Po 

Veart L_] 26|_} HPB 






Qsar Am7942JC HPA 


C4L RSN 
AGND/DGND 





c3 L] 16 
C1 LJ 17 
Roc LJ 19 


Cas 
GKFIL LJ 20 


Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qsar). 
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ORDERING INFORMATION 
Standard Products 


AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by acombination of the elements below. 


AM7942 J 


- 


TEMPERATURE RANGE 
C* = Commercial (0°C to 70°C) 


PACKAGE TYPE 
J =32-pin Plastic Leaded Chip Carrier (PL 032) 


P = 28-pin Plastic DIP (PD 028) 
D = 28-pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 

Blank = Standard specification 
—1 = Performance Grading 
~2 = Performance Grading 


DEVICE NUMBER/DESCRIPTION 


Am7942 
Subscriber Line Interface Circuit 


Valid Combinations 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
AM7942 specific valid combinations, to check on newly 
released combinations, and to obtain additional 
-2DC, -2JC, —2PC data on AMD standard military grade products. 





*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND/DGND 

Ground 

Analog and Digital ground. 
AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 


BGND 
Ground 


Battery (power) ground. 


BX(RINGX) 
(Output) 


Output of B(RING) power amplifier. 


C3-C1i Decoder 
(Inputs) 


TTL compatible. C3 is MSB and C1 is LSB. 


CHCLK 
Chopper Clock (Input)—(see Note 1) 


Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (nominal). 


CHS 
Chopper Stabilization (Input)—{see Note 1) 


Connection for external chopper stabilizing compo- 
nents. 


DA 

Ring Trip Negative (input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 
DET 

Switch Hook Detector (Output) 


When enabled, a logic Low indicates the selected detec- 
toris tripped. The detector is selected by the logic inputs 
(C3—C1, E1). The output is open-collector with a built- 
in 15K pull-up resistor. 


E1 
Ground-Key Enable (Input) 


E1 = High connects the ground-key detector to DET. 
E1 = Low connects the off-hook or ring trip detector to 
DET. 


HPA 
A(TIP) side of high-pass filter capacitor. 


INARY AMD cl 


HPB 
B(RING) side of high-pass filter capacitor. 
L 


Switching Regulator Power Transistor 
(Output)—_(see Note 1) 


Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 


Qoar 
Quiet Battery—{see Note 1) 


Filtered battery supply for the signal processing circuits. 


Ro 

Threshold modification and filter point for the off-hook 
detector. 

Roc 


Connection point for the DC feed current programming 
network. The other end of the network connects to 
the receiver summing node (RSN). The sign of Vroc 
is minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


TESTOUT 
Test Relay Driver (Output)—({see Note 3) 


Open collector driver with emitter internally connected 
to BGND. 


C4 
Test Relay Driver Command (Input)—{see Note 3) 


TTL compatible. A logic Low enables the driver. 


GKFIL 

(see Notes 2 and 3) 

Connection for external ground-key, noise-filter 
capacitor. 

RSN 


Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed resistance all connectto this node. 
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Voeat Vix 
Battery supply. Transmit Audio (Output) 
Ve This output is a unity gain version of the AX(TIPX) and 


BX(RINGX) metallic voltage. The other end of the two- 


+5-V power supply. wire input impedance programming network connects 


Vex here. 
—5-V power supply. Cas 
7 Reference Filter Capacitor 
REG < . . ° 
Regulated Voltage (Input)—(see Note 1) A capacitor should be connected to this pin to filter 


j 7 internal anti-saturation reference voltage. 
Provides negative power supply for power amplifiers. 


Connection point for inductor, filter capacitor, and 
chopper stabilization. 


Notes: 1. All pins, except CHCLK, connect to Vear when using SLIC without a switching regulator. CHCLK is connected to 
AGND/DGND. 


2. To prevent noise pickup by the detection circuits when using ground-key mode (E1 =logical 1), a 3300-pF minimum 
bypass capacitor is recommended between the GKFIL pin and ground. 


3. Not available on standard 28-pin DIP package. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 


Vce with respect to AGND/DGND .. -0.4Vto+7.0V 
Vee with respect to AGND/DGND .. +0.4V to-7.0V 
Vear With respect to AGND/DGND ... +0.4 V to-70 V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qsar bypass = 0.33 pF. 


BGND with respect to 
AGND/DGND ............... +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 
Continuous .................. -70 V to +1.0V 
10ms (F=0.1Hz)............ ~70V to +5.0 V 
1 ps (F=0.7 AZ) secces esas eats -90 Vto+10V 
250 ns (F=0.1Hz) .......... -120 Vto+15 V 
Current from AX(TIP) or BX(RING) ....... +150 mA 


Voltage on RINGOUT .... BGND to 70 V above Qaar 
Voltage on TESTOUT .... BGND to 70 V above Qasr 


Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(DA-and DB) isu. een veneah yede vals Var toO V 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

SWiIch{l PIN} cv eiess tise re ee as 150 mA 
Switcher Transient Peak Off 

Voltage onLpin ..................065 +1.0V 
C4-C1, E1, CHCLK to 

AGND/DGND ........... -0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 14W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 


AMD al 
OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Mee~ sacred Mates fee et elites ee 4.75 V to 5.25 V 
Wee Se iinet tine aay eae etetn —4.75 V to-5.25 V 
Moar fides Tan ee Sea ar ieee 4 -19 V to-63 V* 
AGNDIDGND nisi beeeaae 4eentetnes eu8 OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


10 Kohm Min 


*Can be used without switching regulator components in this 
range of battery voltages provided maximum power dissipa- 
tion specifications are not exceeded. 


Load Resistance on Vix to Ground.... 


“ 


” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (—40°C to +85°C) 
specifications. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


SLIC Products 1-25 
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ELECTRICAL CHARACTERISTICS (see Note 1) 


Description Test Conditions | Typ | Max | Unit 


Analog (Vix) Output Impedance ae ee 


| Min 
aa pos | ohm 
Analog (Vx) Output Offset -1 —35 +35 mV 
-2 —30 +30 
|| 20 


Analog (RSN) Input Impedance | 300Hzto3.4kHz | | | 1 | 20 | ohm 
Longitudinal Impedance at AXorBX | | | | | 88 ohm 


four-wire 
Overload Level = - en -2.5 Ll +2.5 Vpk 
two-wire 


Transmission Performance, two-wire impedance (see Test Circuit D) ; 


Two-Wite Return Loss Pooorztosaorz | aio] [=] | | @ 








Longitudinal Balance (two-wire and four-wire, see Test Circuit C); Ri = 600 ohms 












200 Hz to 1 kHz 
Normal Polarity 





200 Hz to 1 kHz 
Reverse Polarity 


Longitudinal to Metallic L-T, L-4 
1 kHz to 3.4 kHz 
Normal Polarity 








1 kHz to 3.4 kHz 


Reverse Polarity ae 


300 Hz to 800 Hz 
Reverse Polarity 


psa] 
pal | | 


Longitudinal Signal Generation 4-L 






Longitudinal Current Capability per Wire 
gi p yp RMS 


Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 
Battery = -48 V, Rioc = Risc = 600 ohms; Battery = —24 V, Rioc = 300 ohms, Riac = 600 ohms 










Gain Accuracy 0 dBm, 1 kHz 






300 Hz to 3400 Hz 


Variation with Frequency Relative tol Kis 


dB 


Gain Tracking 


*P.G, = Performance Grade 
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PRELIMINARY AMD al 
ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description Test Conditions | Min | Typ | Max | Unit 


Balance Return Signal (four-wire to four-wire, see Test Circuit B) 
Battery = —48 V, Rioc = Riac = 600 ohms; Battery = —24 V, Rioc = 300 ohms, Riac = 600 ohms 


0 dBm, 1 kHz -1 
-2 +0.10 
300 Hz to 3400 Hz 
: 3 -0.10 +0.10 
Relative to 1 kHz 
+3 dBm to —55 dBm 
+0.10 
Reference: 0 dBm 


ptatkez dT 2] | TT 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 
Battery = —48 V, Reoc = Risc = 600 ohms 


Harmonie Distortion (aa fT 


Idle Channel Noise 
Battery = —48 V, Rioc = Ric = 600 ohms; Battery = —24 V, Rioc = 300 ohms, Riac = 600 ohms 



















Gain Accuracy 


Variation with Frequency 





Gain Tracking 






Group Delay 







C-Message Weighted Noise wo wile = 
Psophometric Weighted Noise we ms 


Single Frequency Out-of-Band Noise (see Test Circuit E) 


| akHztogkHz dt TT wre | 
| 9kHzto1MHz tT He | 
| 266kHzandharmonics* | 45 ||| 0 
PikHztoiskHz TTT ro 
| Above t5kHz tT] es | 
| 256kHzandharmonies” | 45 | | 87 | 











Metallic dBm 


Longitudinal dBm 


Line Characteristics (see Figures 1a, 1b, 1c) 













Battery = -24 V, Rune = 300 ohms 


Battery = -43 V, Ruc = 600 ohms PET me 35.0 | 37.6 
Battery = —48 V, Rinc = 600 ohms ae 

| Battery=-24V, Ri=640ohms | 5,9 | | 200 | | 
[230 | 
| 18.0 | aaa 


Battery = -24 V, Rinc = 600 ohms 


aa ae 

a 

ee a 15.5 17.5 
Battery = —48 V, Rinc = 600 ohms ae ae ee 

ee Se 

eis! ae 

es 


Short Loops, Active Mode mA 













Long Loops, Active Mode 











Disable Mode 














Tip Open, Ri=0 
Disconnect, Ri = 0 


Tip and Ring Shorted to Ground 


Loop Current 














ILLIM (ITip & IRing) 


*Applies only when switching regulator is used. 
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a amo PRELIMINARY 
ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description Test Conditions | Min | Typ | Max | Unit 


Power Dissipation Battery, Normal Loop Polarity 


F Battery=—24 V, wo Swichng hes |e | |_| 75 
[Battery=—48 V, with Switching Reg |__| | | 25] 100_| 
[Battery =—24V, wo SwitchingReg. |e _| | 100 | |_| 
Battery=—48 V, wih Switching Rea. || | | 105 | 225 | 
Battery =-24 V, wo Switching Reg. [9 | |_| 105 | 225 | 
Battery =—48 V, wth Swiching Reg. || | | 180 | a00_] ™ 
Battery =-24 V, wo Swiching Reg. | 8 [| | | s00 | 800 | 
[Battery=—48 V, with Switching Reg |__| | | 400] 750 _| 
Battery ==24 V, wo Switching Reg. [| 8 [| | 00 | 1100 | 
Battery =—48-V, wit SwichingRes. [| |_| 


Supply Currents, Battery = -24 V or —48 V 
Open Circuit Mode 


Disable Mode 


















On-Hook Open Circuit 


On-Hook Disable Mode 


On-Hook Active Mode 






Off-Hook Disable Mode 
R. = 50 ohms 
Off-Hook Active Mode 
Ri = 50 ohms 


























Vee On-Hook Supply Current 






Vee On-Hook Supply Current 


eee el 

See a 

ae 

[—[__[s0 | 60 | 
er a ee 
anal 





ree eee 


Veat On-Hook Supply Current 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 
























50 Hz to 3400 Hz he | |} 25 | 45 | 
3.4 kHz to 50 kHz | | 22 | 35 | 
simeone | ® | | ote | 14 
3.4 kHz to 50 kHz 10 25 
ea py ae 
ae ee ee ee 
Effective Int. Resistance | CstoGND ES TT 8170 | 255 | Kohm 
Off-Hook Detector 
Current Threshold [lor=365/Ro | CTT He | t20 | % 


Ground-Key Detector Thresholds, Active Mode 


| Battery=-24V,B(Ring)toGND ss |_ 9 | | 10 | 22 | 45 | 
| Battery=-48V,B(Ring)toGND ss ||_——s|_ | 20 | 5.0 | 10.0 | 
B(Ring) to GND a ee ee 


7 













Ground-Key 
Resistance Threshold 
Ground-Key 














mA 


























Current Threshold Midpoint to GND fle. = iP ad 
Effective Int. Resistance | GKFILtoAGND/DGND | | | 18 | 36 | 54 
Ring Trip Detector Input 

Bias Current fe ee oe ee 
Offset Voltage | Source Resistance=0to2Mohm | 11 | | -s0 | _o | +50 | 
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ELECTRICAL CHARACTERISTICS (continued) 


Description Test Conditions | min | Typ | Max | Unit 


Logic Inputs (C1, C2, C3, C4, EO, E1, and CHCLK) 
Input High Voltage 


Input Low Voltage 
Input High Current 














Input Low Current 


Logic Output (DET) 
Output Low Voltage 
Output High Voltage 










Parameter 


E1 High to DET High Ground-Key Detect Mode 
tgkde se Ri Open, Re Connected Hs 
E1 High to DET Low (see Test Circuit H) 












E1 Low to DET Low Switch Hook Detect Mode 
tshde 84, Ri = 600 ohms, Re Open ne 
E1 Low to DET High (see Test Circuit G) 
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at amp PRELIMINARY 


SWITCHING WAVEFORMS 
E1 to DET 
E1 
DET 
tgkde tshde tgkde tshde 
Note: All delays measured at 1.4-V levels. 15474A-005 
RELAY DRIVER SPECIFICATIONS 
| | 
l | 
I | 
RINGOUT TESTOUT 
| ] 
| | 
I | 
BGND BGND 
15474A—006 
Description Test Conditions | Min {| Typ [| Max | Unit 
Relay Driver Outputs (RINGOUT, TESTOUT) 
On Voltage | 25mASink TE tt 
Off Leakage PVoweetsV Pt 


RELAY DRIVER CHARACTERISTICS (typical) 


ON Voltage 
at RINGOUT or TESTOUT 1 
(V) 





Current into RINGOUT or TESTOUT (mA) 
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Notes: 


1. 


Unless otherwise noted, test conditions are: Battery =—48 V, Vec=+5 V, Vee=—5 V, Ri= 600 ohms, Cup = 0.33 pF, Roor = Roce= 
7.14K, Coc = 0.47 uF, Ruz 35.4K, Coas= 0.47 pF, no fuse resistors, Rr= 120K, and Rex = 60K. Switching regulator components: 
L=1 mH, Cru = 0.47 uF (see Application Circuit). 


2. Overload level is defined when THD = 1%. 

3. Balance return signal is the signal generated at Vrx by Vax. This spec assumes the two-wire AC load impedance matches the 
programmed impedance. 

4. Forfrequencies below 12 kHz, these tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 
300 ohms. For frequencies greater than 12 kHz, a_ longitudinal impedance of 90 ohms and a 
metallic impedance of 135 ohmsis used. These tests are extremely sensitive to circuit board layout. Please refer to application 
notes for details. 

5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by 
characterization. 

“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from 256-kHz switch regulator chopper are not included. 

For —24-V battery, switching regulator is disabled. L, CHS, and Vrea pins connected to Veat pin; CHCLK pin 
connected to AGND/DGND. 

10. Assumes the following Zr network: Vix WW RSN 

60K 60K 
L 
150 pF 
11. Tested with 0 ohm source impedance. Two Mohms are specified for system design purposes only. 
12. Group delay can be considerably reduced by using a Zr network such as that shown in Note 10 above. The network will reduce 


Zr = 200(Zown— 2Re*) 


the group delay to less than 2 ys. The effect of group delay on linecard performance may be compensated for by using the 
SLAC or DSLAC device. 


Table 2. User-Programmable Components 


Zr is connected between the Vix and RSN pins. The fuse re- 
sistors are Re, and Zawn is the desired two-wire AC input im- 
pedance. When computing Zr, the internal current amplifier 
pole and any external stray capacitance between Vix and 
RSN must be taken into account. 


ee. w= 2 OONET- >: Zrx is connected from Vrx to the RSN. Zr is defined above, 
2m = G42. Zr + 200(Z: + 2Rr) and G42, is the desired receive gain. 


Roe1, Roce, and Coc form the network connected to the Roc pin. 
Roc: and Rocz are approximately equal. lLoop is the desired 
loop current in the constant current region. 


Roet + Roce = 500/Itoop 
Coe = (1.5 ms) (Ropes + Roc2)/(RoetRoce) 


Ro and Cp form the network connected from Ro to —5 V, and Ir 


Ro = 365/lr, Co = 0.5 ms/Ro is the threshold current between on-hook and off-hook. 


1 
Ceas a 


3.4-10°nfc 


*Reuse = 20 ohm-—50 ohm, user selectable. 


Ccas is the regulator filter capacitor, and fc is the desired filter 
cut-off frequency. 
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4° amp PRELIMINARY 


Roc1 + Rocz = Roc = 14.28K 


(Volts) 





40 







See ERR 
Re 
eA SEAN Sees 
: SERRA Sn... 
vm) CS" 

BRR ROE RRA 
Nile ey fe eo) Is 
Pe a 


0 1200 2400 
R, (Q) 















Feed Current programmed by Roe: and Roce. 
15474A-009 


Figure 1c. Feed Programming 
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TEST CIRCUITS 















Ri 
2 
EO Vas 
Ri 
2 

BX 

(RINGX) Hen 

ILe4 = ~20 log (Vix / Vas) a ILa2 =—20 log (Vas / Vax) 
BRS = 20 log (Vrx/ Vax) _. 
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal 
t/w0 << Ri 


BX RSN 
(RINGX) 





Vax 

S2 Open, $1 Closed: = 

L-T Long. Bal. = 20 log (Vas/E) 

L-4 Long. Rej. = 20 log (Vrx/E) Zo: The desired impedance (e.g., the character- 

istic impedance of the line). 

S2 Closed, S1 Open: 

4-L Long. Sig. Gen. = 20 log (Vi/ Vax) Return Loss = —20 log (2 Vu/ Vs) 

C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit 


15474A-010 
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TEST CIRCUITS (continued) 


AX(TIPX) 





68 ohms 
BX(RINGX) 


1/wC << 90 ohms 


E. Single-Frequency Noise 


Ri = 600 


B(RING) 


G. Loop Detector Switching 


1-34 








Ri 
A(TIP) 
Su Ri 
B(RING) 
Re 


Se 
Current Feed or Ground Key 


F. Ground-Key Detection Center Point Test 


Re 


Ra: 2K at Vear = 48 V 
1K at Veat = -24 V 


H. Ground-Key Switching 


15474A-010 
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ADVANCE INFORMATION Pa | 
Am 7943( A) Advanced 








Micro 
Subscriber Line Interface Circuit | Devices 
DISTINCTIVE CHARACTERISTICS 
@ Programmable constant current feed m@ -19 V to —56.5 V battery operation 
@ Current gain=200 m@ Two-wire impedance set by single external 
Programmable loop detect threshold impedance 
™ Low standby power B On-hook transmission 
™ Performs polarity reversal (A version) ™ On-chip ring relay driver and relay snubber 
@ Ground-key detector = clreuit Soh 
m 0°C to +70°C ambient temperature range eee TECTS¥ 000867 
= Tip open state for ground start lines @ Standard version satisfies EIA/TIA-464-A 
BLOCK DIAGRAM 
TMG 
; 
; Ring Relay Driver © RINGOUT 
AX(TIPX) 
C1 
: C2 
caret Input Decoder ? 03 
HPA 6 and Control © £0 
© —1 
: Two-Wire Interface DET 
HPB 
i Signal O RSN 
; bee a Transmission Faster ss — a Vix 
a Off-Hook an ed 
! iE Detector [esl ‘ 
BX(RINGX) 5 A 
! eee | se 
' Controller Oc 
' r AS 
nee ee as : 
DB O Detector ' 
Veat i 
BGND aan 0 T = 
Po ge ee eo oe ie een ae anaes * 15474A-001 


Veo Vee AGND/DGND 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 16853 Rev: A Amendment: /0 1-35 
issue Date: June 1992 


al AMD ADVANCE INFORMATION 
CONNECTION DIAGRAMS 


22-Pin Plastic DIP 
or 
22-Pin Ceramic DIP 








le HPA 
2 VIX 
3 Ver 
4 RSN 
5 AGND/DGND 
6 RDC 
7 Cas 
8 C1 
9 DET 
10 C2 
11 C3 
16853A-01 
32-Pin PLCC 
xs ~_ 
o 26 
Oo 8 o FG} 4 C co 
5 2SO38 & 28 
ERE EERE 
on 7 8 b 8 
TPL TP 
RINGOUT LJ DA 
NCLJ RD 
TMGL HPB 
C3 | HPA 
E1C Vax 
c2L Vee 
DETTE RSN 
ee Jee ee Ee ee ee 
TIT CI UO UU 0 
Sa R28 


AGND/DGND [J 20 


Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate. 
3. NC=No connect. 
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ORDERING INFORMATION 
Standard Products 


AMD@ standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM7943(A) 


TEMPERATURE RANGE 

C* = Commercial (0°C to 70°C) 

PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 22-pin Plastic DIP (PD 022) 

D = 22-pin Ceramic DIP (CD 022) 
PERFORMANCE GRADE 


Blank = Standard specification 
—1 = Performance Grading 
—2 = Performance Grading 


DEVICE NUMBER/DESCRIPTION 
Am7943(A) 
SRE Line Interface Circuit 






Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD standard military grade products. 


Valid Combinations 
DC, JC, PC 


AM7943(A) | -1DC, -1JC, -1PC 







-2DC, -2JC, —2PC 


*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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Pa AMD 
PIN DESCRIPTION 


AGND/DGND 
Ground 


ADVANCE 


Analog and Digital ground. 
AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 


BGND 
Ground 


Battery (power) ground. 


BX(RINGX) 
(Output) 
Output of B(RING) power amplifier. 


C3-C1 Decoder 
(Inputs) 


TTL compatible. C3 is MSB and C1 is LSB. 


DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 


DET 
Switch Hook Detector (Output) 


When enabled, a logic Low indicates the selected detec- 
toris tripped. The detector is selected by the logic inputs 
(C3-C1, E0, E1). The output is open-collector with a 
built-in 15K pull-up resistor. 


EO 
Ground-Key Enable (Input) 


A logic High enables DET. Low disables DET (PLCC 
only). 


E1 
Ground-Key Enable (Input) 


E1 = Low connects the ground-key or ring-trip detector 
to DET; E1 = High connects the off-hook or ring-trip 
detector to DET (PLCC only). 


HPA 
A(TIP) side of high-pass filter capacitor. 


HPB 
B(RING) side of high-pass filter capacitor. 


INFORMATION 


RD 

Threshold modification and filter point for the off-hook 
detector. 

RDC 


Connection point for the DC feed current programming 
network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of Vaoc 
is minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


RSN 
Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed resistance all connectto this node. 


Voeat 

Battery supply. 

Vee 

+5-V power supply. 

Vee 

—5-V power supply. 

Vix 

Transmit Audio (Output) 


This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
Wire input impedance programming network connects 
here. 


Cas 

Reference Filter Capacitor 

A capacitor should be connected to this pin to filter 
internal anti-saturation reference voltage. 

TMG 

Thermal Management 


A resistor connected from this pin to Veat reduces the 
on-chip power dissipation in the normal polarity, active 
state. 
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ADVANCE 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 
Vce with respect to AGND/DGND .. -0.4V to +7.0V 
Vee with respect to AGND/DGND .. +0.4V to-7.0V 
Vear With respect to AGND/DGND ... +0.4 Vto-70V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qaar bypass = 0.33 pF. 


AGND/DGND with respect to 


BGND vostc tide ee tie eae +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 

Continuous .................. -70 V to +1.0V 

10 ms (F=0.1Hz)............ -70 V to +5.0 V 

VHS IE S0.1'AZ) cose cc daoees -90 Vto+10V 

250 ns (F=0.1Hz) .......... -120 Vto +15 V 
Current from AX(TIP) or BX(RING) ....... +150 mA 
Voltage on RINGOUT ............ BGND to +10 V 
Current through Relay Driver 

or internal driver catch diodes .......... 60 mA 
Voltage on Ring Trip Inputs 

(DA and DB)............202- ee eee Veat to OV 
Current into Ring Trip Inputs ............. +10 mA 
C3-—C1, EO, E1 to 

AGND/DGND ............ —0.4 Vto Vec + 0.4 V 
Maximum Power Dissipation (see note) ... Ta=70°C 

In 22-pin ceramic DIP package .......... 1.5W 

In 22-pin plastic DIP package .......... 1.25 W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never reach this temperature, and 
operation above 145°C junction temperature may de- 
grade device reliability. See SLIC Packaging Consid- 
erations section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device reli- 
ability. 


INFORMATION 


AMD ra 


OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (Ta) ........-. 0°C to +70°C 
Supply Voltage (Vcc) ............ 4.75 V to 5.25 V 
Mees tee 21S Succ eaa a Pes -4.75 V to-5.25 V 
Vettuaccedc dR hae Meneses ees -19 V to-56.5 V 
AGNDIDGND 152s e soe c ds sweren eeeeat eee kes OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


10 Kohm Min 


performance grade SLICs are functional from 
~—40°C to +85°C. See the SLIC Extended Temperature Sup- 
plement for information on industrial temperature range 
(—40°C to +85°C) specifications. 


Load Resistance on Vix to Ground .... 


“ 79 


Operating ranges define those limits between which the de- 
vice specifications are guaranteed. 
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a AMD ADVANCE INFORMATION 
ELECTRICAL CHARACTERISTICS (see Note 1, page 1-45) 


The Am7943 (non-A) device is tested under the following conditions unless otherwise noted. Battery =-24V, 
RL=600 ohms. The Am7943(A) device is tested under the following conditions unless otherwise noted. 
Battery =—48 V, RL=900 ohms. All specifications apply to both the Am7943 and Am7943(A) unless noted. 





Description Test Conditions 


Analog (Vx) Output Impedance lores ee esl 


Analog (Vx) Output Offset 


aes ee 
= 
Analog (RSN) Input Impedance 300 Hz to 3.4 kHz Bal ee 
cs a 


Longitudinal Impedance at AX or BX 





four-wire active state 
Overload Level 





two-wire active state 


On-hook, Ruc=900 ohm 
Active or Disable State 


Transmission Performance 


Two-Wire Return Loss (see Test Circuit D)| 200 Hz to 3400 Hz 148 | | 26 | | |B 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C); 
RL=600 ohms at Veat= 24 V,RL = 740 ohms at Voear=48 V 







200 Hz to 1 kHz 
Normal Polarity 







Longitudinal to Metallic L-T, L-4 
1 kHz to 3.4 kHz 
Normal Polarity 












300 Hz to 800 Hz 
Normal Polarity 


| Activestate | TT a ts | 
| Disable State | | Te Ts | 


Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


-10 dBm, On-hook, —1.0 +1.0 
Riac= 900 ohms 
300 Hz to 3400 Hz —0.10 +0.10 
Relative to 1 kHz 
+7 dBm to —55 dBm 
—0.10 +0.10 
Reference: 0 dBm 


Longitudinal Signal Generation 4-L 











Longitudinal C t 
ongitudinal Curren AMS 











Gain Accuracy 











Gain Accuracy, Disable Mode dB 






Variation with Frequency 









Gain Tracking 


*P.G. = Performance Grade 
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ELECTRICAL CHARACTERISTICS (continued) 


Advance Information 
Description Test Conditions | min | Typ | Max | Unit 


Balance Return Signal (four-wire to four-wire, see Test Circuit B) 


0.dBm, 1 kHz PT mots | sts | 
300 Hz to 3400 Hz 
. 3 -0.10 +0.10 
Relative to 1 kHz 
+3 dBm to —55 dBm 
4 -0.10 +0.10 
Reference: 0 dBm 
f= 1 kHz }49{ | | 53 [| 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


wowireteveisocbm | |__| | -« | -s0 
wows tevel=s7aam | | | | 5 | ~0_| 










Gain Accuracy 










Variation with Frequency 








Gain Tracking 





Group Delay 






Harmonic Distortion 


300 Hz to 3400 Hz oe 


Idle Channel Noise 







two-wire 


four-wire 


two-wire 


four-wire 


Line Characteristics, Active Mode (see Figures 1a and 1b) 


Battery = —43 V, Rine = 600 ohms 
Short Loops, Active Mode | Battery = —48 V, Ric = 600 ohms 
eatery = = —24 V, Rinc = 300 ohms 


Long Loops, Active Mode [Battery=—43V.Rc=1.ak | | | 3 | ms 
[Battery=—48V,Ruc=19K | | tte of 


Battery = —48 V, Rinc = 600 ohms 
Disable Mode v — 17 19 21 mA 
Battery = —24 V, Rinc = 300 ohms 


Vest I-3 V 
olin p= Mer ESV 7, -25ec mm | ik f1.3it | ma 
RL+1800 
Loop Current 
Disconnect, RL=0 


ima ie 
ILLIM (Itip + ring) [Tip and Ring Shorted to Ground || 
ae eee 
a ae 


C-Message Weighted Noise 


‘Psophometric Weighted Noise 








A 


3 








ae Battery =—48 V, Active and Disable 
Open Circuit Voltage : : 
Battery =-24 V, Active and Disable 


*Applies only when switching regulator is used. 
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ELECTRICAL CHARACTERISTICS (continued) 


Advance Information 
Description Test Conditions | min | Typ | Max | Unit 


Power Dissipation, Normal Loop Polarity, Battery =-48 V 
On-Hook, Open Circuit 
On-Hook, Disable Mode 
On-Hook, Active Mode 
On-Hook, Standby Mode 















mw 
















RL=300 QO, RTMG=- 
Battery =—48 V 
Battery =-24V 





Off-Hook, Disable Mode 








RL=300 Q, RTIMG=co 
Battery =—48 V 
Battery =-24V 


Off-Hook, Active Mode 










Off-Hook, Standby Mode 

















Supply Currents 

| 16 {| 2 | 
Vee On-Hook Supply Current | 4 {75 | 

| 5 | 85 | 

a ee ee 
Vee On-Hook Supply Current Ff | 2 | 35 | ma 


Standby Mode 
Open Circuit Mode a ee ee 


ee ee ee 
el ea (A a 


Vear On-Hook Supply Current 


Power Supply Rejection Ratio (Vripple = 50 mV RMS), Active Normal Mode 


| S0HztosaooHz tT | | 
| 5oHztossooHz 


a ee 
Ps [=] 


Off-Hook Detector 


Current Threshold Lbr=sevAD CC to Tt sto % 





Ground-Key Detector Thresholds, Active Mode 











Resistance Threshold 
Ground-Key 
Current Threshold 






B(Ring) to GND 
Midpoint to GND 


Ring Trip Detector Input 
Bias Current pO m0 | m0. | 
Ofiset Voltage | Source Resistance=2Mohm ss |_7_ | | 80 | 0 | +50 | mv 
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ELECTRICAL CHARACTERISTICS (continued) 


Advance Information 
Description Test Conditions | min | Typ | Unit 


Logic Inputs (C1, C2, C3, E0, and E1 
Input High Voltage 
Input Low Voltage 


















as 
atinpuis excepts |_| | 
a 


Input High Current 





Input High Current 
Input Low Current 


Logic Output (DET) 


Output Low Voltage J lorsoama tT 





Output High Voltage ea 7 


Table 1. SLIC Decoding 













Open Circuit Ring Trip Ring Trip 
Ringing Ring Trip Ring Trip 
Active Loop Det. Ground Key 


oO 
oO 
oO 
Oo 


an 


2 0 

a Disable 
6 Active Polarity Reversal 
7 


Disable Polarity Reversal Loop Det. Ground Key 


Note: EO and E1 are internally pulled High and, in the 22-pin DIP package option, are not pinned-out. 


SWITCHING CHARACTERISTICS 
(32-Pin PLCC Only) 


Parameter Test Conditions Boll cE Bowl Unit 


E1 Low to DET High (E0= 1) Ground-Key Detect Mode 

tgkde —— RL Open, RG Connected HS 
E1 Low to DET Low (E0=1) (see Test Circuit H) 
E1 High to DET Low (E0=1) Switch Hook Detect Mode 

tshde a R. = 600 ohms, RG Open HS 
E1 High to DET High (E0 = 1) (see Test Circuit G) 

tshdd EO High to DET Low (E1 = 1) 

tshdo EO Low to DET High (E1 = 1) 

tgkdd EO High to DET Low (E1=0) 

tgkdo E0 Low to DET High (E1=0) 
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SWITCHING WAVEFORMS 
E1 to DET 
E1 
DET 
tgkde tshde tgkde tshde 
EO to DET 
\ 16853A-002 
E1 
EO to DET 
E0 
DET 
tshdd tshdO tgkdd tgkdo 
16853A-003 
Note: All delays measured at 1.4-V levels. 
RELAY DRIVER SPECIFICATIONS 
| 
I 
| 
RINGOUT 
I 
| 
l 
BGND 16853A-004 
Advance Information 
Description Test Conditions | Min | Typ | Max | Unit 


Relay Driver Output (RINGOUT) 


On Voltage 
Off Leakage 


Zener Breakover 
Zener On Voltage 
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ADVANCE INFORMATION AMD at 


Notes: 


1. 


Unless otherwise noted, test conditions are: Voc = +5 V, Vee =—5 V, Cup = 0.33 pF, Roct = Roce = 9.26 Kohms, Coc = 0.33 
LF, RD = 35.4K, Cas = 0.33 pF, and no fuse resistors. For the Am7943 (non-A): Battery=—24 V, RL=600 ohms, and 
Rua =e. For the Am7943A: Battery =—48 V, RL=900 ohms, and Ruce=1700 ohms. 


Overload level is defined when THD = 1%. 


Balance return signal is the signal generated at Vix by Vax. This specification assumes the two-wire AC load impedance 
matches the programmed impedance. 


Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 


This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by 
characterization. 


Midpoint is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and 
B(RING). 


Tested with 0 ohm source impedance. Two Mohm is specified for system design only. 
Assumes the following Zr network: Vix WN RSN 
90K 90K 
L 
150 pF 


Group delay can be considerably reduced by using a ZT network such as that shown in Note 8 above. The network will 
reduce the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for by 
using the SLAC or DSLAC device. 


Table 2. User-Programmable Components 


Zr is connected between the Vrx and RSN pins.The fuse re- 
sistors are Rr, and Zawn is the desired two-wire AC input im- 
pedance. When computing Zr, the internal current amplifier 
pole and any external stray capacitance between Vix and 
RSN must be taken into account. 


Zr = 200(Zawn— 2Rr) 


= - ee Zrx is connected from Vex to the RSN. Z; is defined above, 
fe G4aL ° 24+ 200(Z + 2Rr) and G42L is the desired receive gain. 


Roc1, Rocz, and Coc form the network connected to the Roc pin. 
Roc: and Rocz are approximately equal. ltoop is the desired 
loop current in the constant current region. 


Roe: + Roce = 500/lLoop 
Coc = (1.5 ms)(Roe1 + Roce)/(Roct Roca) 


Ro and Co form the network connected from Ro to —5 V, and Ir 


BD ooh Cost mene is the threshold current between on-hook and off-hook. 


1 
Ceas = 


3.4-10°nfe 


Ccas is the regulator filter capacitor, and fc is the desired 
filter cut-off frequency. 


Rue is connected from Tua to Vear and is used to limit 
power dissipation within the SLIC. 
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RDC1 + RDC2=18.52K 


Vab 
(Volts) 





In anti-sat region: Vi= Vear—5.7— = el 


Figure 1a. Load Line (Typical) 





Feed Current programmed by Roc: and Roce. 
18474A-009 


Figure 1b. Feed Programming 
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ADVANCE 
TEST CIRCUITS 





RS 






(RINGX) 


ILe+4 = —20 Log (Vix / Vas) 


A. Two-to-Four Wire Insertion Loss 









1/wC << RL 
S1 C 
4) 

E 


BX RSN 
(RINGX) 


S2 Open, S1 Closed: 
L-T Long. Bal. = 20 Log (Vas/E) 
L-T Long. Rej. = 20 Log (Vrx/E) 


S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 Log (Vi/ Vax) 


C. Longitudinal Balance (IEEE 455-1984) 
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BX 
(RINGX) ASN 


ILa2 =—20 Log (Vas/ Vax) 
BRS = 20 Log (Vrx/ Vrx) 


B. Four-to-Two Wire Insertion Loss 
and Balance Return Signal 


(RINGX) 


Zo: The desired impedance (e.g., the character- 
istic impedance of the line). 


Return Loss = —20 Log (2 Vu/Vs) 


D. Two-Wire Return Loss Test Circuit 


15474A-010 
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TEST CIRCUITS (continued) 





' i 
' 1 
: : SLIC 
33 nF sls Under Test 
1.5 Vrms ee he hie es i 
80% Amplitude Modulated “I 
100 kHz to 30 MHz 
E. RFI Test Circuit 
RL 
A(TIP) 
SM RL 
B(RING) 
RE 


SE 
Current Feed or Ground Key 


F. Ground-Key Detection Center Point Test 






Vec 
6.2K re 
A(TIP) 
15 pF 
RL = 600 B 
RG 
RG: 2K at Vear = 48 V 
G. Loop Detector Switching H. Ground-Key Switching 


15474A-010 
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ADVANCE 
TEST CIRCUITS (continued) 


o—— 


ee Ae 
A(TIP) © AX (TIPX) 
Si HPA 
CHP T. 
HPB 
B(RING) © 
2.2 nF 


BX (RINGX) 


an 


RINGOUT 


Cc BAT 


B d 
as ee 





INFORMATION 


-5V 
= 
L Coc 


|. Am7943 Test Circuit 
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+5 V 


Vix 


Rax 


Battery 
Ground 


a 


Analog 
Ground 


ae 


Digital 
Ground 


b 


16853A—-005 
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PBX SLICs 


Application Notes 


The AMD PBX SLIC Family offers a high degree of ver- 
satility for applications in many PBX, DLC, and other 
types of line circuits. In this section, typical single-chan- 
nel and multiple-channel applications are described. 


Figure 1 shows a detailed schematic of a single line of a 
basic system using one SLIC and one-half of an 
Am79C02 DSLAC IC. 


In the receive path, the DSLAC IC processes digital 
PCM voice data into analog signals and inputs them to 
the SLIC RSN pin through resistor RRX. In the transmit 
path, the analog output at the SLIC Vrx pin is processed 
by the DSLAC IC and output in serial-digital format to 
the PCM interface. RRX sets the receive gain, and Rr is 
used to synthesize the AC two-wire output impedance. 
Both RT and RRX can be complex to achieve optimized 
parameters over the voice band. 


In the control path, when the line goes off-hook, the 
SLIC pulls its collector DET output down and enables 
the DSLAC IC serial control data I/O pins, Din and Dout 
(see Figure 1). The microprocessor also recognizes the 
off-hook, and typically will send a response such as an 
active state or ring relay release command back to the 
SLIC, viathe DSLAC IC Din pinand the C3—C1 data bus. 
The C4 line is also addressed in the same manner, to 


enable or disable the test relay driver. The E1 pin is ad- 
dressed directly by the microprocessor as shown. 


SLIC monitor and control functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 2 include: 


e During the disable state, inform the processor when 
an off-hook has occurred and send a power-up 
command to the SLIC. 


e Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 


e Detect an on-hook condition during the active state 
and send acommand to the SLIC to enter the disable 
state. 


e Send a line polarity reverse command to the SLIC. 
e Command the SLIC into the ground-key sense mode. 
e Command the SLIC to energize the ring relay, Kr. 

e Command the SLIC to energize the test relay, Kr. 
For more detailed information on designing with the 


AMD SLIC Family, please refer to The Subscriber Line 
Interface Circuit Family Application Note, order #07030. 
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Ringer Threshold 
see “Ringing Circuit” 
Section 
R4 


High Voltage <«—_}— Low Voltage .5V 
Ringing 
Source — 


aa Cex 


mn 


Battery K al 


D6 
Cont Cone 
Battery ; ; 
Ground as 
Digital 
Ground 
Analog 
Ground 





+5 V 





2.048-MHz 
Clock 


Ce (a RE ART hc 


Vocat 











Cop (optional) 





1/2 Am79C02 
DSLAC Device 


Interface 


Microprocessor 
Interface 


15474A-011 


Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit with Switcher Components 
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Ringer Threshold 

see “Ringing Circuit” 

Section 5V 

m RBI R4 i 
High Voltage —}—> Low Voltage -—5V 
Ringing 
a = 
U1 Vv 
SLIC Clock 
Car 
DB RD 
A(TIP) AX(TIPX) DGND 
KR HPA 





1/2 Am79C02 


B(RING) RFO Cax DSLAC Device 
D2 Aa TSCA 
DGND1 
+5 V/+12 V 





| Coat ea oN 
Li eee eee eee eee Interface 
=a 


Battery q Veat 
= 


Battery Microprocessor 
Ground A Interface 
Digital 
Ground 
Analog 
Ground 


; 15474B-001 
*Pin not available on the Am7943. 


**Pin not available on the Am7942. 


Figure 2. Single Channel of a Dual Channel Subscriber Line Circuit 
(24-V Battery, Without Switcher Components) 
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AMD cl 
Table 1. Parts List — Single Channel Subscriber Line System 





U1 Am7942 or Am7943 SLIC 
U2 Am79C02 DSLAC device 
_ Kr, Kr Relay, 2-C contacts, 1500-V rating 
L Inductor, 1 mH, 5%** 
D1 Diode, 100 V, 100 mA, 4 ns** 
U3 Dual transient suppressor, Texas Instruments TISP108A or equivalent 
D2, D3, D6 Diode 100 V, 100 mA, 10 ns 
RF;, RF2 Resistor, fuse, 20 ohms-to 50 ohms 
R2 Resistor, 800 ohms, 3%, 3 W (Ring feed resistor)’ 
Ras Resistor, 1 Mohm, 1%, 1/4 W 
R3 Resistor, 825K, 1%, 1/4 W 
R4 Resistor, 452K, 1%, 1/4 W 
Rex Resistor, 1.3K, 1%, 1/4 W** 
RD Resistor, 35.4K, 1%, 1/4 W (sets off-hook threshold)* 
RT Resistor, 100K, 1%, 1/4 W (sets two-wire impedance)* 
Rrx Resistor, 100K, 1%, 1/4 W (sets two-wire impedance)* 
Roc, Rocz Resistor, 7.14K, 1%, 1/4 W (sets loop current)* 
RMG Resistor 1700 ohms, 5% 2 W (Am7943) 
Can Capacitor, 0.1 uF, 20%, 100 V 
Coe Capacitor 0.47 uF, 20%, 10 V 
Cue Capacitor, 0.33 pF, 20%, 100 V 
Cas Capacitor, 0.15 pF, 20%, 100 V 
Cax, Cex Capacitor, 2200 pF, 20%, 100 V 
Cri Capacitor, 0.47 uF, 10%, 100 V, metalized polyester** 
Cear Capacitor, 0.47 pF, 20%, 100 V 
Co Capacitor, 0.33 uF, 20%, 100 V** 
Cent Capacitor, 0.015 nF, 10%, 50 V, X7R ceramic** 
Cone Capacitor, 560 pF, 10%, 100 V, X7R ceramic** 
Co Capacitor, 0.01 nF, 20%, 10 V (sets off-hook filtering)* 
Caxe Capacitor, 3300 pF, 10%, X7R ceramic 


Note: *The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application. 
**The parts marked by a double asterisk (**) are not needed for 24-V battery operation without a switcher. 
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Central Office SLICs 


aU amo 


CENTRAL OFFICE SLIC PRODUCTS 
General Description 


AMD's Central Office SLIC (Subscriber Line Interface 
Circuit) products perform the telephone line interface 
functions required by most types of telephone switching 
and transmission equipment. The full range of signal 
transmission, battery feed, and loop supervision func- 
tions are supported. 


The Am7953X and Am7957X Central Office SLICs are 
compatible with CCITT recommendations, while North 
American LSSGR recommendations are accommo- 
dated by the new Am7958. A number of SLICs in this 
family also support the metering function required by 
many European countries (see Central Office Metering 
SLICs section). The Central Office SLICs feature an 
internal, self-adjusting switching regulator to reduce 
power consumption to a minimum and enhance system 
reliability. Central Office SLICs also support on-hook 
transmission and offer extended temperature perform- 
ance, making either type ideal for Digital Loop Carrier 
and Multiplexer applications. 


The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and four-to-two-wire 
conversion. The two-wire termination impedance is 
programmable with a single external impedance. The 
companion AMD SLAC or DSLAC IC (Single-Channel 
or Dual-Channel Subscriber Line Audio-Processing 
Circuit) has a digital balancing filter that provides the 
trans-hybrid loss function. If the DSLAC IC is not used, 
most codecffilters provide an uncommitted op amp for 
this purpose. 


The SLIC’s battery feed architecture makes their DC 
feed characteristics programmable with external 
resistors. Furthermore, these characteristics are inde- 
pendent of battery variations. AMD’s Central Office 
SLICs are optimized for either 48- or 63-V operation. 


Apolarity reversal function is provided on all SLICs and 
transposes the normal voltage sense of the A(TIP) and 
B(RING) leads with a controlled transition time. All 
transmission functions continue normally following the - 
transition. A disable mode is also provided, limiting loop 
current and cutting power dissipation while allowing the 
full complement of supervisory functions to be utilized. 


The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection has a 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, or turn off out-of-service lines. Two relay 
drivers support ring and test relay functions, or can be 
used for other functions. 


The SLIC’s user-programmable states are controlled 
by a TTL-compatible code. The control inputs are de- 
signed to easily interface to popular single-chip 
microcontrollers, such as the industry standard 8051, or 
to latched outputs from a SLAC or DSLAC device. 


1-56 Central Office SLIC General Description 


| PRELIMINARY PRELIMINARY Ll 


Am79530/Am79531/ ee 
Am79534/Am79535 Micro 





Subscriber Line Interface Circuit Devices 
DISTINCTIVE CHARACTERISTICS 
m =Programmable constant current feed m Ground-key detect 
mw Line-feed characteristics independent of m Low standby power 
battery variations = Two-wire impedance set by single external 
m@ Programmable loop detect threshold impedance 
m@ On-chip switching regulator for low-power @ Polarity reversal feature 
dissipation @ Tip open state for ground start lines 
m= Pin for external ground-key noise filter m Test relay driver optional 
capacitor available 
BLOCK DIAGRAM 
Ring Relay Driver RINGOUT 
AX(TIPX) Rontiea eee Rate . ' 
ee ; Test Relay Driver —————- TESTOUT 
! ewer rereree s 4 
: ' Ground-Key ! b ¢C,; 
¢ _ Detector _: Pe Ce 
HPA ¢ = 
©) ' 
' Input Decoder [ oS 
and Control OE 
! TwoWire | 4 fo ) Eo 
Interface DET 
' 
HPB oO -9 GKFIL 
t] iJ 
t ” aoe O Vx 
, [___|Sisnal Transmission [dC 
, ae al Pe eepeecenesan ; RSN 
Off-Hook Detector : 

3 * : | 
OX(RINGX) g rae er es Pe 
moe TT ing Tep Detector 

‘ 

Vrea ‘ 

L are ‘ 
Vere Switching Regulator 2 : 
BGND 
bee sf7e cco eee ee ee eee O--e- QDe-- -Qenenr ee eeee bees ee were ee e 


CHS Qear CHCLK Vec Vee AGND 11701B—01 


Notes: Am79530—Eo and E; inputs; ring relay sourced intemally to BGND; no test relay driver. 
Am79531—Eo and E; inputs; ring relay sourced intemally to BGND; no test relay driver, ground-key filter pin. 
Am79534—Eo and E; inputs; ring and test relay drivers sourced intemally to BGND. 
Am79535—Eo and E; inputs; ring relay driver sourced intemally to BGND; ground-key filter pin. 
Current gain (K1) = 1000 for all parts. 


This document contains information on a product under development at Advanced Micro Devices, inc. The information ts intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 16854 Rov.A Amendment /0 1-57 
Issue Date: June 1992 


a4 amp PRELIMINARY 


CONNECTION DIAGRAMS 
Top View 


Am79530 





BGND |_] 1¢ 28 |_| BX(RINGX) 
Vreal_| 2 27 |_| AX(TIPX) 


Am79531 


BGND[_]| 1+ 28 [| BX(RINGX) 
Vrec[_| 2 27 [_] AX(TIPX) 
VecL_} 3 26 |_| DB 

RINGOUT[[] 4 25|_]DA 

GKFIL[[] 5 24[_] Ro 

LLJ 6 23 |_| HPB 
Veat L_| 7 22 |_| HPA 
Qeat[_] 8 21 |] Vix 
CHS [_] 9 20 |_]} Vee 
CHCLK [_] 10 19 {_] RSN 
EvL_} 14 18 |_|] AGND/DGND 
Eo|_| 12 17 |_]} Roe 
DET] 13 16 LJ Ci 
C2] 14 151] Cs 


Note: Pin 1 is marked for orientation. 
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CONNECTION DIAGRAMS (continued) 





Am79534 
xs 

5 OG 
Oo o 2 2 
S$ ef ZG, 
ze>r>rnan2G 
EERE EERE 





Am79535 


4|_] RINGOUT 


31] Voc 
321] BX(RINGX) 


21] Vree 
31[-] AX(TIPX) 


°11J} BGND 





TP TP 
GKFIL DA 
L Ro 
Veat HPB 
Qeat HPA 
CHS Vix 
CHCLK Vee 
‘ RSRVD RSN 
E, AGND 


Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qzar). 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM7953X 


Cc 
— TEMPERATURE RANGE 


C*= Commerical (0°C to 70°C) 


PACKAGE TYPE 

= 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P= 28-Pin Plastic DIP (PD 028) 
D= 28-Pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 


Blank = Standard Specification 
-1 Performance Grading 
-2 Performance Grading 


DEVICE NAME/DESCRIPTION 


Am7953X 
Subscriber Line Interface Circuit 






Valid Combinations 
DC, JC, PC 


AM7953X -1DC, -1JC, -1PC 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 







-2DC, -2JC, -2PC 


*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND 

Ground (Am79534 and Am79535) 

Analog (Quiet) ground. 

DGND 

Ground (Am79534 and Am79535) 

Digital ground. 

AGND/DGND 

Ground (Am79530, Am79531) 

Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 

BGND 

Ground 

Battery (power) ground. 

BX(RINGX) 

(Output) 

Output of B(RING) power amplifier. 

C;-C, 

Decoder (Inputs) 

TTL compatible. Cs is MSB and C; is LSB. 

C, 

Test Relay Driver Command (Input) (Am79534) 
TTL compatible. A logic Low enables the driver. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL ssaeaine) Fre- 
quency = 256 kHz (Nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

DET 

Detector (Output) 


When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (Cs—-C,, Eo, E:). The output is open-collector witha 
built-in 15K pull-up resistor. 


E, 
Read Enable (Input) 
(Am79530, Am79531, and Am79534) 


A logic High enables DET. A logic Low disables DET. 
E, 

Ground Key Enable (Input) 

When E, is High, E; = High connects the ground-key 
detector to DET, and Ei = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 


Ground-Key Filter Capacitor Connection 
(Am79531 and Am79535) 


An external capacitor for filtering out high-frequency 
noise from the ground-key loop can be connected to this 
pin. An internal 36K -20%, +40% resistor is provided 
to form an RC filter with the external capacitor. 


In versions which have a GKFIL pin, 3.3 nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 


A(TIP) side of high-pass filter capacitor. 


HPB 

B(RING) side of high-pass filter capacitor. 

L 

Switching Regulator Power Transistor (Output) 


Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform 
on it and must be isolated from sensitive circuits. Ex- 
treme care must be taken tokeep the diode connections 
short because of the high currents and high di/dt. 

Qeat 

Quiet Battery 


Filtered battery supply for the signal processing circuits. 


Ro 

Threshold modification and filter point for the off-hook 
detector. 

Roc 


Connection point for the DC feed current programming 
network. The other end of the network connects to the 
Receiver Summing Node (RSN). The sign of Vane is 
minus for normal polarity and plus for reverse polarity. 
RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Qaar. 
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TESTOUT 
Test Relay Driver (Output) (Am79534) 
Sourcing from BGND with internal diode to Qaar. 


RSN 
Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed current all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 


Voeat 


Connected to office battery supply through an external 
protection diode. 


PRELIMINARY 


Vee 

+5-V power supply. 

Vee 

—5-V power supply. 

Vaec 

Regulated Voltage (Input) 


Provides negative power supply for power amplifiers 
and connection point for inductor, filter capacitor, and 
chopper stabilization. 


Vix 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 


wire input impedance programming network connects 
here. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 


Vcc with respect to AGND/DGND .. -0.4V to +7.0V 
Vee with respect to AGND/DGND .. +0.4V to-7.0V 
Vear with respect to AGND/DGND ... +0.4 Vto-70V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qasr bypass = 0.33 LF. 


BGND with respect to 

AGND/DGND ............... +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 

Continuous ...............4-- -70 V to +1.0V 

10 ms (F=0.1 Hz) ............ -70 V to +5.0 V 

Lipist(F= O02) ccccesueee ds -90 Vto +10 V 

250 ns (F=0.1Hz) .......... -120 Vto +15 V 
Current from AX(TIP) or BX(RING) ....... +150 mA 
Voltage on RINGOUT .... BGND to 70 V above Qasr 
Voltage on TESTOUT .... BGND to 70 V above Qasr 
Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(DA @nG-DB) 4 soo teow eahas eees? Vaart toO V 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

Switch (L pin) ...........-020 02-022. 150 mA 
Switcher Transient Peak Off 

Voltage onLpin.................-04. +1.0V 
C4—C1, E1, CHCLK to 

AGND/DGND ........... ~0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (See note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 1.4W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Vee id tiers oie udeee eds 4.75V to 5.25V 
Meee aia sete aoa wa AM Bee —4.75 V to -5.25 V 
Vent utes Sacha sey Seah ahaa « -40 V to-63 V 
AGND/IDGND) 7. cca eek toes Bate a Satte’ OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


10 Kohm Min 


“2” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (—40°C to +85°C) 
specifications. 


Load Resistance on Vix to Ground.... 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


SLIC Products 1-63 


aA amp PRELIMINARY 


ELECTRICAL CHARACTERISTICS over operating range 
Am79530/Am79531/Am79534/Am79535 (see Note 1) 


Preliminary 
Description Test Conditions | P.G* | Min | Typ Unit 


Analog (Vix) Output Impedance (Note 5) ee 


-—35 
Analog (RSN) Input Impedance (Note 5) 
300 Hz to 3.4 kHz ohm 
Longitudinal Impedance at AX or BX ee 


Overload Level | four-wie -wire er Vpk 
Zewin = 600 to 900 ohms (Note 2) 





Transmission Performance, two-wire impedance 










300 Hz to 500 Hz 
500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 


Two-Wire Return Loss 
(See Test Circuit D) 
(Notes 5, 10) 


dB 





Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 





















Ri = 600 ohms 
Longitudinal to Metallic L-T, L-4 


Longitudinal to Metallic L-T and 
L-4 for trimmed version (consult factory) 


200 Hz to 1000 Hz oe 

1000 Hz to 3400 Hz 3 

200 Hz to 3400 Hz 

gers [fst | 
300 Hz to 800 Hz 

| ActiveState State 


a a se eral 


insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 
-0.15 +0.15 
0 dBm, 1 kHz 
-0.1 +0.1 
300 Hz to 3400 Hz 
: +0.1 
Relative to 1 kHz 
+7 dBm to —55 dBm 
-0.1 +0.1 
Reference: 0 dBm 
Balance Return Signal (four-wire to four-wire, see Test Circuit B) 
-~0.15 +0.15 
0 dBm, 1 kHz 
-0.1 +0.1 
300 Hz to 3400 Hz 
; -0.1 +0.1 
Relative to 1 kHz 
+3 dBm to -55 dBm 
-0.1 
as 0 dBm 
Ht sf 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 
0 dBm, 300 Hz-3.4 kHz —64 —50 
+9 dBm, 300 Hz-3.4 kHz —55 —40 
*P.G. = Performance Grade 


**All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 


dB 








Longitudinal Signal Generation 4-L 





Longitudinal Current Capability 
per Wire (Note 5) 











Gain Accuracy 


Variation with Frequency (Note 5) 






Gain Tracking (Note 5) 











Gain Accuracy (Note 3) 


Variation with Frequency (Notes 3, 5) 





Gain Tracking (Note 5) 






Group Delay (Notes 5, 12) 








Total Harmonic Distortion 
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ELECTRICAL CHARACTERISTICS (continued) 





Preliminary 
Description lncaeueaas. , Saleen ce Unit 


Idle Channel Noise 






. +7 +15 
two-wire 

—1 +7 +12 

. +7 +15 
four-wire 

+7 +12 

. -83 —75 
two-wire 

—83 -—78 

. -83 -75 
four-wire 

jrouwe | Lo | 


Single Frequency Out-of-Band Noise (see Test Circuit E) 


C-Message Weighted Noise 
(Notes 5, 7) 









Psophometric Weighted Noise 
(Note 7) 

















Metalic ee ce 
(Notes 4,8, 9) etal =e ce 
(Notes 4,5) PS i 












Longitudinal 1 kHz to 15 kHz ae Ee sae 
(Notes 4, 5, 9) Above 15 kHz dBm 
(Notes 4, 5) 256 kHz and harmonics 













DC Feed Currents (see Fi 
Active Mode Loop Current Accuracy 
Disable Mode 
Tip Open Mode 
Open Circuit Mode 


ures 1a, 1b, 1c) Battery = —48 V 


| -75 | | +75 | 
— 4a 


| Ri=Oohms = 0 ohms 










Fault Current Limit, bun (lax + lex) 


Power Dissipation Battery = —48 V, Normal Polarity 
















On-Hook Open Circuit 


On-Hook Disable Mode 
mW 
On-Hook Active Mode 
















Off-Hook Disable Mode 
Off-Hook Active Mode 


| R=6ooohms | | 500 | 750_| 
| Fe=60oohms | | 50 | 1000 | 














Supply Currents 






Open Circuit Mode 
Disable Mode 
Active Mode 
Open Circuit Mode 
Disable Mode 
Active Mode 


Open Circuit Mode 
Disable Mode 
Active Mode 


Vec On-Hook Supply Current mA 





Vee On-Hook Supply Current 









Veat On-Hook Supply Current 
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ELECTRICAL CHARACTERISTICS (continued) 





Preliminary 
Description Test Conditions | P.G. | Min | Typ Unit 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 







dB 


‘ 35 
3.4 kHz to 50 kHz 
~1 35 


50 Hz to 3400 Hz 


Vee 
(Notes 6, 7) 










dB 
Vee 


(Notes 6, 7) 





3.4 kHz to 50 kHz dB 


50 Hz to 3400 Hz lee 
20 40 
3.4 kHz to 50 kHz 






dB 








Veart 
(Notes 6, 7) 





dB 






a 
_ 
nN 
oi 


Off-Hook Detector 


Current Threshold Accuracy Iber = 365/Ro Nominal > | aes. | — i, 0 | % 


Ground-Key Detector Thresholds, Active Mode, Battery = —48 V (see Test Circuit F) 


Ground-Key Resistance Threshold | B(Ring)toGND_ |_| 2.0 | 5.0 | 10.0 | 
| BRing)toGND | CT CC 
| Midpointtognd_ [| TT 










mA 





Ground-Key Current Threshold (Note 8) 






Ring Trip Detector Input 
Bias Current 


Offset Voltage (Note 11) ee | 50 


HA 


mV 





Logic Inputs (C;, C2, Cs, C,, Eo, E,, and CHCLK) 
Input High Voltage 






Input Low Voltage 
Input High Current 





Input Low Current eee 


Logic Output (DET) 


Output Low Voltage 





Output High Voltage lour = -0.1 mA 
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SWITCHING CHARACTERISTICS 
Am79530/Am79531/Am79534/Am79535 





E, High to DET High (Eo = 1) Ground-Key Detect Mode 3.8 
tgkde oa Ru Open, Re Connected us 
E; High to DET Low (Eo = 1) (see Test Circuit H) 1.1 
E, Low to DET Low (Eo = 1) 1.2 
tshde ps 
E; Low to DET High (Eo = 1) 3.8 
tshdd Ex High to DET Low (E: = 0) Switch Hook Detect Mode ars 
— Ri = 600 ohms, Re Open HS 
tshdo Eo Low to DET High (E: = 0) (see Test Circuit G) Ff | 88 | 
tokdd Eo High to DET Low (E: = 1) ae a eS 
us 
tgkdo E, Low to DET High (E: = 1) ae es 





Table 1. SLIC Decoding 












ats = - = — e 
State Two-Wire Status 


2 0 1 0 Active Loop Det. Ground Key 
3 0 1 1 Disable Loop Det. Ground Key 


6 1 1 0 Active Polarity Reversal Loop Det. Ground Key 
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key 


For the Am79530, Am79531, Am79534, and Am79535, a logic Low on Eo disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79530/Am79531/Am79534/Am79535 


E; to DET 
E 
DET 
tgkde tshde tgkde tshde 
Eo to DET 
E; / 
Eo 
DET 
tshdd tshdo tgkdd tgkdo 


11701B-002 
Note: All delays measured at 1.4-V level. 
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Relay Driver Specifications 


Am79530/Am79531/ Am79534 
Am79534/Am79535 
BGND BGND 
| | 
| | 
| | 
| | 
| | 
RINGOUT TESTOUT 
| | 
| | 
| | 
Qeart Qaat 


11701B-003 


Description [Test Conditions | win] Typ | Max | nit 


Relay Driver Outputs (RINGOUT, TESTOUT) 







On Voltage 
Off Leakage 
Clamp Voltage 







ee 









Notes: 


1. 


10. 


11. 


12. 


Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vee = —5 V, Ri = 600 ohms, Cup = 0.22 pF, 
Roc1 = Roce = 31.25K, Coc = 0.1 nF, Ra=51.1K, no fuse resistors, two-wire AC output impedance, programming impedance (Zr) 
= 600K resistive, receive input summing impedance (Zrx) = 300K resistive. (See Table 2 for component formulas.) 


Overload level is defined when THD = 1%. 


Balance return signal is the signal generated at Vix by Vax. This spec assumes that the two-wire AC load impedance 
matches the impedance programmed by Zr. 


These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 


Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 
This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 


When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when | Vear| — | Vax—Vex| is less than approximately 
WV. 


“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 


Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 


Assumes the following Zr; network: Vix WN ASN 


300K 300K 
pale 


30 pF 
Tested with 0 ohm source impedance. Two Mohms is specified for system design purposes only. 
Group delay can be considerably reduced by using a Z; network such as that shown in Note 10 above. The network will reduce 


the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for by using SLAC 
or DSLAC devices. 
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Table 2. User-Programmable Components 


Zr = 1000(Zawn - 2Rr) Zr is connected between the Vix and RSN pins. The fuse re- 
sistors are Re, and Zown is the desired two-wire AC input im- 
pedance. When computing Zr, the internal current amplifier 
pole and any external stray capacitance between Vix and 
RSN must be taken into account. 

















a 2. 1000 Zr Zrx is connected from Vex to the RSN pin and Z; is defined 
G42L Zr + 1000(Z: + 2Rr) above and G42L is the desired receive gain. 
Roc1 + Roce = 2500/lreen Roes, Roca, and Coc formthe network connected to the Rocpin. 
Coc = (1.5 ms)(Roet + Roce)/(Roc1Roca) Roct and Rocz are approximately equal. 
Ro = 365/Ir, Co = 0.5 ms/Ro Ro and Co form the network connected from Roto —5 V, and Ir 
is the threshold current between on-hook and off-hook. 
Veat = 47.3 V 
Roct + Roce = Roc= 62.5K 
50 
Anti-sat 2 
feos! 
Vax— Vox 
(Volts) 
0 
0 IL (mA) 60 
. 2500 
Constant current region: I.= 
Roe 
Antesaitieaions Aisa de 7a 
nil gion: AX-BX = 40. 152.6 L 
R 
Anti-sat 2 region: Vax-ex = 1.067] Vearl — 12.22 — (oo126. ee ) I 


See Figure 1c. 


11701B—004 


Figure 1a. Load Line (Typical) 
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Ri (Ohm) 


Load Current versus Load Resistance—Am79530/Am79531/Am79534/Am79535 
Veat = —47.3 V 
Roc = 62.5K 


See Figure 1c. 


11701B—005 


Figure 1b. Feed Characteristics (Typical) 





Current programmed by Roc: and Rocz. 


11701B-006 


Figure 1c. Feed Programming 
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TEST CIRCUITS 



















Ri 
2 RSN BX 
Bx (RINGX) PSN 
(RINGX) 
Vax 
loa = ~20 log (Vix / Vie) log =—20 log (Vas / Vex) 
BRS = 20 log (Vix / Vax) a 
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal 
900 ohms 
tlw << Ri 
$1 C 
= Rr Vs 
E 


BX RSN 
(RINGX) 






(RINGX) 








$2 Open, S1 Closed: = 
L-T Long. Bal. = 20 log (Vas/E) 
L-4 Long. Rej. = 20 log (Vrx/E) Zo: The desired impedance (e.g., the character- 


istic impedance of the line). 
$2 Closed, S1 Open: 


4-L. Long. Sig. Gen. = 20 log (VL/ Vax) Return Loss = —20 log (2 Vu/ Vs) 


C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit 


15772A-017a 
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TEST CIRCUITS (continued) 








AX(TIPX) 






68 ohms 
BX(RINGX) 


1/mC << 90 ohms 
E. Single-Frequency Noise 


Vec 
6.2K 


A(TIP) 


Ri = 600 ohms 


B(RING) 


G. Loop Detector Switching 


15 pF 


SLIC Products 
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Ri 
A(TIP) 


Su Ri 
B(RING) 
Re 
Se | 


Current Feed or Ground Key 


F. Ground-Key Detection 


A 
B 
Re = 2K 
H. Ground-Key Switching 15772A-017b 
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Am79571/Am79573/Am79574 


Subscriber Line Interface Circuit 


DISTINCTIVE CHARACTERISTICS 


™ = =©Programmable constant resistance feed a 

™@ Line-feed characteristics independent of a 
battery variations r 

@ Programmable loop detect threshold 

& On-chip switching regulator for low-power a 
dissipation | 

HB Pin for external ground-key noise filter r] 


capacitor available 









cr 


Advanced 
Micro 
Devices 


Ground-key detect option available 

Low standby power 

Two-wire impedance set by single external 
impedance 

Polarity reversal feature 

Tip open state for ground start lines 

Test relay driver optional 








BLOCK DIAGRAM 
ee a a en ee ee | 
TIP) t Ring Relay Driver O RINGOUT 
| ———— 7 | 
| i Test Relay Driver -————-9_ TESTOUT 
| ne: Meperreremreenerr an |) (ee : | 
| Ground-Ke 2 C1 
“Key 
ie c= bc, 
| . 
Input Decoder Hoa Ce 
| and Control =e = 20) Ei 
| Two-Wire Interface Soe 
| 0 
HPB 9 6 DET 
| | 
| | | 
| —-6 Giri 
| __ Signal OE Bo 
| Transmission a acc ae RSN 
Lessee ee | Off-Hook | 
(RING) Detector 
| = SerSa | 1 ia 
lg_—_| Controller = 
| | 
ane FF ing Trip Detector 
Vres O Fe | 
L oO Switching | 
Vear O Regulator Z | 
| 
BON (3 -—-—— — O——-—-0O-—— 0-—-—-- - - — wy ee —_———4 
CHS Qsaar CHCLK Vec Vee AGND 
11701B—007 


Notes: Am79571—Eo and E; inputs; ring relay sourced intemally to BGND; no test relay driver, ground-key filter pin. 


Am79573—Eo input and no E; input; ring and test relay drivers sourced intemally to BGND. 
Am79574—Eo and E; inputs; ring and test relay drivers sourced intemally to BGND. 
Output amplifier current gain (K1) = 1000 for all three parts. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 16855 Rev.A Amendment /0 
Issue Date: June 1992 
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CONNECTION DIAGRAMS 
Top View 


Am79571 






28 [[] BX(RINGX) 
27 [_] AX(TIPX) 





PRELIMINARY 


Am79573 







BGND {|_| 1° 28 |_|} BX(RINGX) 


Vaee [_] 2 AX(TIPX) 
Vec LJ 3 
RINGOUT | | 4 


TESTOUT |_| 5 


AGND/DGND 
Roc 

Ci 

Cs 


Am79574 
< 
5 G 
QD ,/7,FZEE 
zc>>aa2a 
Pett eee i 
TP LJ 291} TP 
TESTOUT [] os] DA 
LL 27[_] Po 
Veat L_. 26|_] HPB 
Qeat HPA 
CHS Vx 
CHCLK Vee 
C, RSN 
E, AGND 





w 
had 
| 


; 


DE 


Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qpar). 
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PIN DESCRIPTION 

AGND 

Ground (Am79574) 

Analog (Quiet) ground. 

DGND 

Ground (Am79574) 

Digital ground. 

AGND/DGND 

Ground (Am79571 and Am79573) 
Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 
BGND 

Ground 

Battery (power) ground. 
BX(RINGX) 

(Output) 

Output of B(RING) power amplifier. 
C;-C, 

Decoder (Inputs) 

TTL compatible. Cs is MSB and C; is LSB. 
C, 


Test Relay Driver Command (Input) 
(Am79573 and Am79574) 


TTL compatible. A logic Low enables the driver. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (Nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 


AMD “A 


DET 
Detector (Output) 


When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (Cs—C;, Eo, E:). The output is open-collector witha 
built-in 15K pull-up resistor. 

Eo 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 


E, 
Ground-Key Enable (Input) 
(Am79571 and Am79574) 


When E, is High, E; = High connects the ground-key 
detector to DET, and E; = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 


Ground-Key Filter Capacitor Connection 
(Am79571) 


An external filter capacitor for filtering out high fre- 
quency noise from the ground-key loop can be con- 
nected to this pin. An internal 36K —-20%, +40% resistor 
is provided to form an RC filter with the external 
capacitor. 


In versions which have a GKFIL pin, 3.3-nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 


A(TIP) side of high-pass filter capacitor. 


HPB 
B(RING) side of high-pass filter capacitor. 


L 
Switching Regulator Power Transistor (Output) 


Connection point for filter inductor and anode of catch 
diode. This pin will have up to60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 


Qaar 

Quiet Battery 

Filtered battery supply for the signal processing circuits. 
Ro 


Threshold modification and filter point for the off-hook 
detector. 
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Roc 


Connection point for the DC-feed resistance program- 
ming network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of Vaoc is 
minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 
Sourcing from BGND with internal diode to Qaar. 


TESTOUT 


Test Relay Driver (Output) 
(Am79573 and Am79574) 


Sourcing from BGND with internal diode to Qasr. 


RSN 
Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed resistance all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 


PRELIM 


INARY 

Voat 

Connected to office battery supply through an external 
protection diode. 

Vee 

+5-V power supply. 

Vee 

—5-V power supply. 

Vaea 

Regulated Voltage (Input) 


Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and chop- 
per stabilization. 


Vix 
Transmit Audio (Output) 


This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM7957X Cc 
TEMPERATURE RANGE 
C*= Commerical (0°C to 70°C) 


PACKAGE TYPE 


J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P= 28-Pin Plastic DIP (PD 028) 
D= 28-Pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE . 
Blank 
-1 
-2 


Standard Specification 
Performance Grading 
Performance Grading 


DEVICE NAME/DESCRIPTION 


Am7957X 
Subscriber Line Interface Circuit 


Valid Combinations Valid Combinations 


DC. JC. PC Valid Combinations list configurations planned to 
ree? be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 

AM7957X 106, -1JC, —1PC specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 





-2DC, -2JC, -2PC 


*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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al AMD 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature ........... ~55°C to +150°C 
Vee with respect to AGND/DGND .. -0.4Vto+7.0V 
Vee with respect to AGND/DGND .. +0.4Vto-7.0V 


Vear with respect to AGND/DGND ... +0.4 V to-70 V” 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qear bypass = 0.33 pF. 


BGND with respect to 
AGND/DGND ............... +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 
Continuous ................6. ~70 V to +1.0V 
10 ms (F=0.1 Hz) ............ -70 V to +5.0 V 
TUs(F= 04 AZ): Asean oaeas -90 Vto+10V 
250 ns(F=0.1Hz) .......... -120 Vto +15 V 
Current from AX(TIP) or BX(RING)....... +150 mA 


Voltage on RINGOUT .... BGND to 70 V above Qasr 
Voltage on TESTOUT .... BGND to 70 V above Qasr 


Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(BA-and DB) .<5 seessous vei ey acess Vear to 0 V 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

Switch pin). 4s ihe card eevee ee 150 mA 
Switcher Transient Peak Off 

Voltage on L pint a..e. eee aed Aedeee eine +1.0V 
C4-C1, E1, CHCLK to 

AGND/DGND ........... —0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 1.4W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 


PRELIMINARY 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Mec. get oe thoes te ek ad ects 4.75 V to 5.25 V 
Were ive Seedo eevee Beeeees -4.75 V to -5.25 V 
Vert arp ioy sad Vea ee oe Dae BS -40 V to -63 V 
AGND/DGND 6220 ices Fee te eee a8 OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


Load Resistance on Vix to Ground .... 10Kohm Min 


“2” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (—40°C to +85°C) 
specifications. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS over operating range 
Am79571/Am79573/Am79574 (see Note 1) 





Preliminary 


| Min | typ | Max | Unit 
eee Leteseel 


ohm 


Description Test Conditions 
Analog (Vrx) Output Impedance (Note 5) 


Analog (Vix) Output Offset 


mV 
Analog (RSN) Input Impedance (Note 5) 
Longitudinal Impedance at AX or BX 


ee ee 
ohm 
Overload Level four-wire 
-3.1 +3.1 Vpk 
Zown = 600 to 900 ohms (Note 2) 


Transmission Performance, two-wire impedance 


300 Hz to 3.4 kHz 







Two-Wire Return Loss 300 Hz to 500 Hz 
(See Test Circuit D) 500 Hz to 2500 Hz dB 
(Notes 5, 11) 2500 Hz to 3400 Hz 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 


Ri = 600 ohms 48 


Longitudinal to Metallic L-T, L-4 
200 Hz to 1000 Hz _pt 63 70 
1000 Hz to 3400 Hz 58 70 
200 Hz to 3400 Hz 
(Reverse Polarity) 54 


Longitudinal to Metallic L-T and 
L-4 for trimmed version (consult factory) 

300 Hz to 800 Hz Peete ari 

| ActiveState | | 

| Disable state | SCT Tt 


Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 
—0.15 0.15 
0 dBm, 1 kHz ; 
—0.1 +0.1 
300 Hz to 3400 Hz 
. —0.1 +0.1 
Relative to 1 kHz 
+7 dBm to -55 dBm 
—0.1 +0.1 
Reference: 0 dBm 
Balance Return Signal (four-wire to four-wire, see Test Circuit B) 
+0.15 
+0.1 
0 


-—0.15 
-0.1 
ERE 
+3 dBm to -55 dBm 
+0.1 
Reference: 0 dBm 


300 Hz to 3400 Hz 
Relative to 1 kHz 
Pipetite = oe Ne 8? 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


0 dBm, 300 Hz-3.4 kHz -64 | -50 
—55 —40 


+9 dBm, 300 Hz-3.4 kHz 


















dB 


Longitudinal Signal Generation 4-L 








Longitudinal Current Capability 
per Wire (Note 5) 
















Gain Accuracy 


Variation with Frequency (Note 5) dB 













Gain Tracking (Note 5) 












Gain Accuracy (Note 3) 


Variation with Frequency (Notes 3, 5) 







Gain Tracking (Note 5) dB 







Group Delay (Notes 5, 13) 


Total Harmonic Distortion 


*P.G. = Performance Grade 
**All other performance parameters equivalent to —1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 





Preliminary 
Description Test Conditions | PG. | | Typ | Max | Unit 


Idle Channel Noise 



















: +7 +15 
two-wire 

-1 +7 +12 

: +7 +15 
four-wire 

-1 +7 +12 

; -83 —75 
two-wire 

-1 -—83 -78 

: —83 -75 
four-wire 

—1 -83 -78 


Single Frequency Out-of-Band Noise (see Test Circuit E) 


Metallic cc kHz to 9 kHz 
Aiea ee —__ | 9kHzto1MHz as ee ee 


C-Message Weighted Noise 
(Notes 5, 7) 


Psophometric Weighted Noise 
(Note 7) 












(Notes 4, 5, 9) dBm 













(Notes 4, 5) 256 | 256 kHz and harmonics _| and harmonics in a 
Longitudinal ro A oo 
(Notes 4, 5, 9) | Above 15kHz sd a ee ee | 
(Notes 4, 5) | 256 kHz and harmonics _| kHz and harmonics mE 2 


Line Characteristics (see Figures 1a, 1b, 1c) Battery = —48 V, R. = 600 and 900 ohms, Rreeo = 800 ohms 


Apparent Battery Voltage | a7 | so | sa | 
Loop Current Accuracy p75 | | 475 | % 
Loop Current—Tip Open a ee 

Loop Current—Open Circuit | Ri=Oohms 0 ohms ee ne eo am 


Disable Mode é 
to ground 


Power Dissipation Battery = —48 V, Normal Polarity 


















On-Hook Open Circuit 


On-Hook Disable Mode 


mW 
On-Hook Active Mode 


Off-Hook Disable Mode 
Off-Hook Active Mode 






| Ri=600ohms | | 500 | _ 750 
| R=600ohms | | 501000 






Supply Currents 





Open Circuit Mode 
Disable Mode 
Active Mode 
Open Circuit Mode 
Vee On-Hook Supply Current Disable Mode 

Active Mode 

Open Circuit Mode 
Vear On-Hook Supply Current Disable Mode 

Active Mode 


Vee On-Hook Supply Current mA 
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ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description Test Conditions | pc. | Min | Typ | Max | Unit 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


45 

50 Hz to 3400 Hz 
-1 45 
22 35 

3.4 kHz to 50 kHz 
25 40 
20 40 

50 Hz to 3400 Hz 
25 40 
10 25 

3.4 kHz to 50 kHz 
-1 10 25 
27 45 

50 Hz to 3400 Hz 
30 45 
20 40 

3.4 kHz to 50 kHz 
25 40 

Off-Hook Detector 


Current Threshold Accuracy Iber = 365/Ro Nominal ae ES eee % 
Ground-Key Detector Thresholds, Active Mode, Battery = —48 V (see Test Circuit F) 


Ground-Key Resistance Threshold B(Ring) to GND | =f of 5.0 | 10.0 | 
B(Ring) to GND eT aa ae eae 
MigpointtoanD |_| |e | 


Source Resistance +50 
0 to 2 Mohm 


Logic Inputs (C;, C2, Cs, Cs, Eo, E:1, and CHCLK) 
Input High Voltage 
Input Low Voltage 
Input High Current 















Vec 


(Notes 6, 7) dB 


Vee 


Notes 6, 7 
(Notes 6, 7) dB 


Veat 


(Notes 6, 7) dB 














mA 









Ring Trip Detector Input 
Bias Current 


Offset Voltage (Note 12) mV 










Input Low Current 


Logic Output (DET) 
Output Low Voltage a ee 
Output High Voltage | 24 [| 
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SWITCHING CHARACTERISTICS 
Am79571/Am79573/Am79574 





E; High to DET High (Eo = 1) Ground-Key Detect Mode 3.8 
tgkde* —_ Ru Open, Re Connected ys 
Ey High to DET Low (Eo = 1) (see Test Circuit H) 1.1 
E; Low to DET Low (Ep = 1) 1.2 
tshde* ps 
E, Low to DET High (Eo = 1) 3.8 
tshdd EE» High to DET Low (E: = 0) Switch Hook Detect Mode Eee al 
savas Ri = 600 ohms, Re Open HS 
tshdo Eo Low to DET High (E: = 0) (see Test Circuit G) a aa ea 
tgkdd’* Eo High to DET Low (E; = 1) ae eS 
us 
tgkdo* = Ey Lowto DET High (Es = 1) | | | 88 | 





* This parameter is not applicable to the Am79573. E; is intemally connected to a logical 0. 





Table 1. SLIC Decoding 






DET Output 







Eo = 1* E,=1* 
State C; CC. Cy Two-Wire Status E,=0* E,;= 1" 


5 1 0 1 Reserved Loop Det. _— 


6 1 1 0 Active Polarity Reversal Loop Det. Ground Key 
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key 


*A logic Low on Eo disables the DET output into the open-collector state. 
**For the Am79573, E1 is intemally connected to a logical 0. 
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SWITCHING WAVEFORMS 
Am79571/Am79573/Am79574 


E, to DET* 


E,* 


tgkde tshde tgkde tshde 


Eo to DET 


E:* ey / 
Eo ‘ 
DET 
tshdd tshd0 tgkdd tgkdo 


*This waveform is not applicable to the Am79573. E: is intemally connected to a logical 0. 
Note: All delays measured at 1.4-V level. : 


11701B-008 
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Relay Driver Specifications 


Am79571/Am79573/Am79574 Am79573/Am79574 
BGND BGND 
| | 
| | 
1 | 
| ] 
| | 
RINGOUT TESTOUT 
| | 
| | 
| | 
Qsar Qsar 11701A-18 


Relay Driver Outputs (RINGOUT, TESTOUT) 


[somisouce | canoe [econo [| 
eS 

forms | we | 
Notes: 


1. Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vee = —5 V, Ri = 600 ohms, Cup = 0.22 pF, Roe = 
Roce = 20K, Coc = 0.1 uF, Ra = 51.1K, no fuse resistors, two-wire AC output impedance, programming impedance 
(Zr) = 600K resistive, receive input summing impedance (Zax) = 300K resistive. (See Table 2 for component formulas.) 





On Voltage 
Off Leakage 









Clamp Voltage 


2. Overload level is defined when THD = 1%. 


3. Balance return signal is the signal generated at Vix by Vax. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Zr. 


4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 


5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 
6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 


7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when | Vear| — | Vax— Vex | is less than approximately 
14V. 


8. “Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 
10. Loop-current limit is calculated using the following equations: 





V rent 
In Disable Mode: luwr = 0.5 ———— 
Rreeo 
. Vapparent 
In Active Mode: — lum = 0.8 
Recep 
11. Assumes the following Zr network: Vix RSN 
300K T 300K 


30 pF 
12. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only. 


13. Group delay can be considerably reduced by using a Zr network such as that shown in Note 11 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using 
SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 


Zr = 1000(Zaww—- 2Rr) Zr is connected between the Vrx and RSN pins. The fuse re- 
sistors are Rr, and Zawn is the desired two-wire AC input im- 
pedance. When computing Zr, the internal current amplifier 
pole and any external stray capacitance between Vix and 
RSN must be taken into account. 





Fine 2. 100027 Zrx is connected from Vex to the RSN pin and Zr is defined 
G42L Zr + 1000(Z. + 2Rr) above and G42L is the desired receive gain. 

Roc1 + Roce = 50(Rreen — 2Rr) Roe1, Roce, and Coc form the network connected to the Roc 

Coc = (1.5 ms) (Rocs + Roce)/(Roc1Roca) pin. Roc: and Rocz are approximately equal. 

Ro = 365/lr, Cp = 0.5 ms/Ro Ro and Cp form the network connected from Ro to -5 V, and Ir 


is the threshold current between on-hook and off-hook. 


Vear = 47.3 V 
Roos + Roce = Roc= 40K 





Roc 





Constant resistance region: Vax-sx = 50 — I 


. . . a Roc 
Anti-sat 1 region: Vax-ex = 42.72 7666 I 





Anti-sat 2 region: Vax-ex =| Vest] — 11.86 (0 + Roc ) i 
836 
See Figure 1c. 


11701B-009 


Figure 1a. Load Line (Typical) 
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Load Current versus Load Resistance—Am79571/Am79573/Am79574 
Veat = —47.3 V 
Roc = 40K 

See Figure 1c. 


11701B-010 


Figure 1b. Feed Characteristics (Typical) 





Feed resistance programmed by Roc: and Rocz. 


11701B-011 


Figure 1c. Feed Programming 
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TEST CIRCUITS 


Rr 










RSN 
BX 


BX 
RSN 
(RINGX) (RINGX) 


oa Pens 
= ™ RX 


A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal 


900 ohms 







1/@C << Ri 


BX RSN 





(RINGX) Vex 

S2 Open, S1 Closed: 

L-T Long. Bal. = 20 log (Vas/E) 

L-4 Long. Rej. = 20 log (Vrx/ E) Zo: The desired impedance (e.g., the character- 

istic impedance of the line). 

S2 Closed, S1 Open: 

4-L Long. Sig. Gen. = 20 log (Vi/ Vax) Return Loss = ~20 log (2 Vu/Vs) 

C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit 


15772A-017a 
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TEST CIRCUITS (continued) 















Cc Pi 
AX(TIPX) A(TIP) 
68 ohms 
Su Ri 
B(RING) 
Re 
BX(RINGX) S. se | 
1/aC << 90 ohms Current Feed or Ground Key 
E. Single-Frequency Noise F. Ground-Key Detection 
Vee 
6.2K 
A 
A(TIP) 
15 pF 
Ri = 600 ohms B 
Re = 2K 
B(RING) 
G. Loop Detector Switching H. Ground-Key Switching 15772A-017b 
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Am7958 


Subscriber Line Interface Circuit (SLIC) 
DISTINCTIVE CHARACTERISTICS 










te 


Advanced 
Micro 
Devices 





a Meets LSSGR DC feed requirements m Performs polarity reversal 
m= Programmable constant resistance feed = Tip open state for ground start lines 
m_ Receive Current gain = 200 m On-chip switching regulator for low-power 
dissipation 
m= Programmable loop detect threshold P 
m@ Two-wire impedance set by single external 
m Ground-key detector impedance 
m Low standby power "= Test relay driver (PLCC only) 
BLOCK DIAGRAM 
Be oe ee te ee fn ee ee Ee ee 
t ‘ 
' [~——7 Test Relay Driver --—-———O TESTOUT 
i) ] 
1 | ' 
; | Ring Relay Driver © RINGOUT 
AX(TIPX) | 
' I O Cl 
1 | ' 
Lite C2 
: Ground-Key O C3 
HPA é Detector Input Decoder © C4 
! and Control 4 £0 
' 
: Two-Wire OL E1 
! Interface Tess 
' O DET 
‘ t 
HPB © : 
Signal oa © RSN 
: es Transmission 7 a Vix 
: oo : 
: Off-Hook Detector ' 
EAINOA): ———— | : 
1 O Ro 
: is fee ee : 
ry ' 
: SS  —_ = 
; Controller Cas 
t i] 
ae | ae ! 
DB Detector ; 
Varta i 
L @ Switching 4 
Vier Regulator : 
BGND = 
beofJP ene ee ee eee eee ee O---O---0O-----+--- fe te 
CHS Qsatr CHCLK Veco Vee AGND/DGND 
15772A-001 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
Publication #:15772 Rev.B Amendment /0 1-91 


Issue Date: June 1992 


a amp PRELIMINARY 
SYSTEM BLOCK DIAGRAM 


Am7958 DSLAC IC or codec/Filter 
Programming 
Network 






RSN 


Ring Feed KPGM> 
Network 
+ 
Ring and 
Test Relays 
BX 

| 
=_— Monitor and Control 


Ring and Test 
Two-Wire Four-Wire 












TIP 


PCM Data 






RING 





Relay Drive 


15772A—-002 
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ORDERING INFORMATION 
Standard Products 


AMD@® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM7958 


Cc 
— TEMPERATURE RANGE 


C* = Commercial (0°C to 70°C) 


PACKAGE TYPE 

J =32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-pin Plastic DIP (PD 028) 

D = 28-pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 


Blank = Standard Specification 
—1 = Performance Grading 
—2 = Performance Grading 


DEVICE NUMBER/DESCRIPTION 
Am7958 
Subscriber Line Interface Circuit 


Valid Combinations Valid Combinations 


Valid Combinations lists configurations planned 

to be supported in volume for this device. Consult 

the local AMD sales office to confirm availability of 

AM7958 -1DC, -1JC, -1PC specific valid combinations, to check on newly 


released combinations, and to obtain additional 
data on AMD standard military grade products. 


-2DC, -2JC, -2PC 





*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 


SLIC Products 1-93 


a amo PRELIMINARY 


CONNECTION DIAGRAMS 


32-Pin Plastic Leaded Chip Carrier (PL 032) 


AGND/DGND 





Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qpar). 


28-Pin peas a (PD 028) 
28-Pin Coisinie DIP (CD 028) 






BGND [| 1¢ |] BX(RINGX) 
Vres L| 2 |] AX(TIPX) 
Vee | 3 |_| DB 
RINGOUT [[] 4 |] DA 
LL] 5 |_| Ro 
Vear L_| 6 |] HPB 
Qear L] 7 |] HPA 
CHS [] 8 | Vix 
CHCLK [_] 9 Td Vee 


rs) 
gghga 
bf a 
2 ®O NY = 8 
an oO 
Pr] LG LI LI 
00 D PD 
— FF» gg oD Ww 
So Me ae 
Oo 
~~ 
s) 
q@ 
Z 
G 
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PIN DESCRIPTION 
AGND/DGND 

Ground—{see Note 1) 

Analog and Digital ground. 
AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 


BGND 
Ground 


Battery (power) ground. 


BX(RINGX) 

(Output) 
Output of B(RING) power amplifier. 

C3—C1 Decoder 

(Inputs) 

TTL compatible. C3 is MSB and C1 is LSB. 
CHCLK 

Chopper Clock (Input) 


Input to switching regulator (TTL compatible). Fre- 
quency = 250-282 kHz. 

CHS 

Chopper Stabilization (Input) 


Connection for external chopper stabilizing compo- 
nents. 


DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 
DET 

Switch Hook Detector (Output) 


When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-—C1, EO, E1). The output is open-collector 
with a built-in 15K pull-up resistor. 


EO 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E1 

Ground-Key Enable (Input) 


When E0 is High, E1 = High connects the ground-key 
detector to DET, and E1 = Low connects the off-hook or 
ring trip detector to DET. 


AMD al 


HPA 

A(TIP) side of high-pass filter capacitor. 

HPB 

B(RING) side of high-pass filter capacitor. 

L 

Switching Regulator Power Transistor (Output) 


Connection point for filter inductor and anode of catch 
diode. This pin will have up to 50 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 


Qaar 
Quiet Battery 
Filtered battery supply for the signal processing circuits. 


Ro 


Threshold modification and filter point for the off-hook 
detector. 


Roc 


Connection point for the DC feed current programming 
network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of Vance 
is minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


TESTOUT 
Test Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


C4 

Test Relay Driver Command (Input) 

TTL compatible. A logic Low enables the driver. 
RSN 

Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed resistance all connect to this node. 


Veat 

Battery supply. 

Vee 

+5-V power supply. 


SLIC Products : 1-95 
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Vee 

—5-V power supply. 

Vaea 

Regulated Voltage (Input) 


Provides negative power supply for power amplifiers. 
Connection point for inductor, filter capacitor, and 
chopper stabilization. 


Vix 
Transmit Audio (Output) 


This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 


PRELIMINARY 


Cas 
Reference Filter Capacitor 


A capacitor should be connected to this pin to filter 
internal anti-saturation reference voltage. 


Note 1: Analog and digital ground are connected internally 
to a single pin. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature ........... —55°C to +150°C 
Vee with respect to AGND/DGND .. -0.4Vto+7.0V 
Vee with respect to AGND/DGND .. +0.4V to-7.0V 
Vear with respect to AGND/DGND ... +0.4 Vto-70V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qsar bypass = 0.33 pF. 


BGND with respect to 
AGND/DGND ............... +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 
CONLINUOUS ceca eevee vanws -70 V to +1.0V 
10 ms (F=0.1 Hz) ............ -70 V to +5.0V 
dps (F=0.1Hz) ............ . -90 V to +10V 
250 ns (F=0.1Hz) .......... -120 Vto +15 V 
Current from AX(TIP) or BX(RING) ....... +150 mA 


Voltage on RINGOUT .... BGND to 70 V above Qasr 
Voltage on TESTOUT .... BGND to 70 V above Qaar 


Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(DA and DB) vveisdeeitiveerene da eh Vaart toO0 V 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

Switch (L pin) .64 6) 400 cewek ee sibs en 150 mA 
Switcher Transient Peak Off 

Voltage onLpin............. 0c ee eee +1.0V 
C4-C1; E1, CHCLK to 

AGND/DGND ........... —0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 1.4W 

In 32-pin PLCC package ....... akeloemslie 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 


AMD ra 
OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Veena tes et cee a Gece cate ae bs 4.75 V to 5.25 V 
Wee eo pote teat aed ay —4.75 V to -5.25 V 
Meats carte Rae nae eee oe eee —40 V to-63 V 
AGND/DGNDY 4.2.5 os4.i Gad oh coer eee es BRS OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


10 Kohm Min 


” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 


Load Resistance on Vix to Ground .... 


“ 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS (see Note 1) 


Preliminary 
Description Test Conditions | Min | Typ | Max | Unit 


Analog (Vrx) Output Impedance oo ohm 


—35 +35 
Analog (Vx) Output Offset -1 -35 +35 mV 
-2 —30 +30 


Analog(RSN) Input Impedance | sooHztoaakHz | os | | tf 20 | ohm 
Longitudinal Impedance at axorBX | | || 85 ohm 


saceeapea, ee ci = ee 


Transmission Performance, two-wire impedance (see Test Circuit D) 


Two-Wire Retum Loss FaooHetosaoore [si] | % | | | 





Longitudinal Balance (two-wire and four-wire, see Test Circuit C); R. = 740 ohms 











200 Hz to 1 kHz 


Normal Polarity on 





200 Hz to 1 kHz 
Reverse Polarity 
Longitudinal to Metallic L-T, L-4 
1 kHz to 3.4 kHz 


Normal Polarity -2 58 


1 kHz to 3.4 kHz 


300 Hz to 800 Hz 


Active State 
Disable State 














Longitudinal Signal Generation 4-L dB 





‘Longitudinal Current Capability 
per Wire 














Gain Accuracy 0 dBm, 1 kHz 






300 Hz to 3400 Hz 


Variation with Frequency Relative to 7 ke 


Gain Tracking 


*P.G. = Performance Grade 
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ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description ee eae ee Unit 


Balance Return Signal (four-wire to four-wire, see Test Circuit B) 


0 dBm, 1 kHz -1 
-2 +0.10 
300 Hz to 3400 Hz 
: 3,5 —0.10 +0.10 
Relative to 1 kHz 
+3 dBm to —55 dBm 
5 —0.10 +0.10 
Reference: 0 dBm 
f= kz 1s a ee 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


















Gain Accuracy 


Variation with Frequency 





Gain Tracking 






Group Delay 


Distortion Level 0 dBm —64 -50 dB 
300 Hz to 3400 Hz +7.15 dBm —55 -—40 


C-Message Weighted Noise = ids 


Single Frequency Out-of-Band Noise (see Test Circuit E) 


Idle Channel Noise 

















Metallic dBm 


Poxizto1Miz ——S—idase | | ide Pd 
Fass kiizandharmonies + 4s || | a fd 
Tiwizwoiswe +s |||» |_| 
above isktz ———SC~i dT Cid os Pd 
[256ktiz andharmenes it as | |_| -7 |_| 


D.C. Feed Characteristics Without Fuse Resistors 
(See Figures 1a, 1b, 1c), Battery =—48 V 


R.=600 and 900 ohm 


R.=600 and 900 ohm 


Longitudinal dBm 














Apparent Battery, 
Active Mode 


Loop Current Accuracy, 
Active Mode 


Loop Current, 
Active Mode 











Ri= 2000 ohm mA 






Loop Current, 
Tip open Ri= 600 ohm mA 
Tip open Ri= 0 








Loop Current Limit 
Accuracy—Active and 
Disable Mode 


Tip and Ring shorted 
to ground, normal 
polarit 


luo (lip + ling) 









On-Hook Open Circuit 


On-Hook Disable Mode 
On-Hook Active Mode 


Off—Hook Disable Mode 
Ri = 50 ohms 


Off-Hook Active Mode 
Ri = 50 ohms 









mW 
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ELECTRICAL CHARACTERISTICS (continued) 


Description en ee Unit 


Supply Currents 





ee ae a a CB 
Poisabie Mode | |_| | 60 | 

Pactve Mods «| | |__| 7s _| 120 | 
Open Circut Mode | |_|} 10 | 23 
oisablo Mode [|] _] 22 | ss | 
Tactve Mode | | |_| 27 | 60 | 
open CirutMods | [|] ] 04 | 10 | 
Poisabie Mode [| | _] 30 | so | 
Factve Mode {1 | | 40 | 60 | 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


| soHztossooHz | 6 | | as | as | 
| 34kHztosokHz | 6 | | 22 | 35 | 
| soHztosaooHz | 6 | | 20 | 40 {| 
| s4kHztosokHz | 6 | | 10 | 2 | 
| soHztossooHz | 6 | | a7 | 45 | 

ps | | 2 | wo | 

pos | ft es | io | 255 | 










Vee On-Hook Supply Current 


Vee On-Hook Supply Current mA 





Veat On-Hook Supply Current 

















3.4 kHz to 50 kHz 
Cas pm to GND 


Off-Hook Detector 





Current Threshold fber=365/Ao | | | 20 | | v0 | 
Ground-Key Detector Thresholds, Active Mode, Battery = —48 V 

Ground-Key 

Resistance Threshold 

Ground-Key Current | B(Ring)toG@ND to GND 

Threshold 

Ring Trip Detector Input 

Bias Current Td 
Offset Voltage | Source Resistance=Oto2Mohm | 11 | | -50 | o | +50 | mv 
Logic Inputs (C1, C2, C3, C4, E0, E1, and CHCLK) 


Input High Voltage 
Input Low Voltage 
Input High Current 
Input Low Current 


Logic Output (DET) 
Output Low Voltage 








Output High Voltage 
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SWITCHING CHARACTERISTICS 









ane E1 High to DET High Ground-Key Detect Mode 3.8 
aan s 
7 E1 High to DET Low E0 = 0 (see Test Circuit H) 1 bs 
tshde E1 Low to DET Low Switch Hook Detect Mode 1.2 i 
E1 Low to DET High E0 = 1 (see Test Circuit G) 3.8 
tshdd EO High to DET Low Switch Hook Detect Mode 
tshdo Eo Low to DET High E1 = 0 (see Test Circuit G) Hs 
tgkdd EO High to DET Low Switch Hook Detect Mode 11 
pate s 
tgkdo E0 Low to DET High E1 = 1 (see Test Circuit G) 3.8 7 
Table 1. SLIC Decoding 
DET Output 
| state | c3_c2 ci | TwoWireStatus | EO = 14, E1=0 | EO=1*, E1=1 | 
Po fo | Open circuit Ring Trip Ring Trip 






pot ft oot Ringing Ring Trip | Ring Trip 
poe | ot Actve boop Det. Ground Key | 
pos | ot | Disable hoop Det. Ground Key _| 
po4 ft oo | TipOpen hoop Det. | — 
Pos | to | Resewed Chop Det. | — 
| oe {| 1 to | Active Polarity Reversal | Loop Det. | Ground Key 


*A logic Low on EO disables the DET output into the open-collector state. 







18772A-012 


SWITCHING WAVEFORMS 
E1 to DET 
E1 
DET 
tgkde tshde tgkde tshde 
EO to DET 
Be 
EO 
DET 
tgkde tshde tgkde tshde 


15772A-013 


SLIC Products 1-101 


21 amp PRELIMINARY 
RELAY DRIVER SPECIFICATIONS 


RINGOUT TESTOUT 


BGND BGND 






Preliminary 


| Min | Typ | Max _| 






Test Conditions ote OR oe 


Relay Driver Outputs (RINGOUT, TESTOUT) 





Description 


On Voltage | 26maSink | ts 
Off Leakage PVorr=etsv P00 


Relay Driver Characteristics (Typical) 


ON Voltage at 
RINGOUT or 1 
TESTOUT (V) 





Current into RINGOUT or TESTOUT (mA) 
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Notes: 

1. Unless otherwise noted, test conditions are: Battery = —48 V battery applied to Vear pin through a surge protection diode, 
Voc = +5 V, Vee = —5 V, Ri = 900 ohms, Cue = 0.33 wF, Root = Roce = 2K, Coc = 1.0 pF, Ra = 51.1K, Cas = 0.47 pF, no fuse 
resistors. RT=180K, Rax=90V. 


2. Overload level is defined when THD = 1%. 


3. Balance return signal is the signal generated at Vix by Vax. This spec assumes the two-wire AC load impedance matches the 
programmed impedance. 


4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 
Please refer to application notes for details. 


Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 
“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from switch regulator chopper are not included. 


o @Nnonm 


Loop current limit is calculated using the following equations: 
In Disable Mode: lum = 90/(Roe1 + Roce) 
In Active Mode: lumi = 230/(Roc1 + Roce) 


Vix NW RSN 
90K 90K 
as 


120 pF 


10. Assumes the following Zr network: 


11. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only. 


12. Group delay can be considerably reduced by using a Zr network such as that shown in Note 10 above. The network will 
reduce the group delay to less than 2 ts. The effect of group delay on linecard performance may be compensated for by using 
the SLAC or DSLAC devices. 





Table 2. User-Programmable Components 


Zr is connected between the Vrx and RSN pins. The fuse re- 
sistors are Rr, and Zawn is the desired two-wire AC input im- 
pedance. When computing Zr, the internal current amplifier 
pole and any external stray capacitance between Vix and 
RSN must be taken into account. 


Zr = 200(Zowin — 2Re) 


Zrx is connected from Vex to the RSN, Zr is defined above, 
and G42L is the desired receive gain. 


Z 2002; 





G42L =. 2 + 200(Z. + 2Rr) 


Roe1, Rocz, and Coc form the network connected to the Roc pin. 
Roc: and Roce are approximately equal. ILoop is the desired 
loop current in the constant current region. 


Root + Roce = 10(Rreen — 2Rr) 
Coc = (1.0 ms)(Roe1 + Roca) / (Roe:Roe2) 


Ro and Cp form the network connected from Rp to —5 V, and Ir 


Bos Sei p= Oesineis is the threshold current between on-hook and off-hook. 


ae 1 Ceas is the regulator filter capacitor, and fc is the desired filter 
eS 34-108 Tf e cut-off frequency. 
Reuse 20 ohm-50 ohm user selectable 
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Roct + Roce = Roc= 4K (see Figure 1c) 
RF, = RFs = 50 ohms 


Anti-sat 


hed 
. 


i Ae 
ptt tT iS 





Resistance Feed Region: Vab = 50 — (Bee + Pra + Are) I I, (mA) 


Anti-sat Region: Vab = 0.92| Vbat| — 0.36 - (BBS + Prat Res) ho 
Figure 1a. Vab versus I. (Typical) 





0 3000 6000 
Ri (ohms) 


Figure 1b. I. versus Ri 
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Feed Resistance programmed by Roe: and Roce. 


15772A—-016 


Figure 1c. Feed Programming 
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TEST CIRCUITS 















Re 
2 
EQ) Vs Vie Rr 
Ri 
2 
RSN BX 
(RINGX) 
Vex 
haa = -20 log (Vrx/ Vas) Pima Wastes 
BRS = 20 log (Vix / Vax) 1 
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal 
900 ohms 
V/mC << Re 





BX RSN 
(RINGX) 





S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (Vas/E) 
L-4 Long. Rej. = 20 log (Vrx/E) Zp: The desired impedance (e.g., the character- 


istic impedance of the line). 
$2 Closed, S1 Open: 


4-L Long. Sig. Gen. = 20 log (VL/ Vax) Return Loss = —20 log (2 Vu/ Vs) 


C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit 


15772A-017a 
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TEST CIRCUITS (continued) 





AX(TIPX) 





68 ohms 







68 ohms 
BX(RINGX) 


1/wC << 90 ohms 


E. Single-Frequency Noise 


Voc 
6.2K 


A(TIP) 





15 pF 
Ri = 600 ohms 


G. Loop Detector Switching 
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Ri 
A(TIP) 


Ri 
B(RING) 
Re 
Se | 


Current Feed or Ground Key 


Su 


F. Ground-Key Detection 


A 
B 
Ra = 2K 
H. Ground-Key Switching 15772A-017b 
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CENTRAL OFFICE SLICs 
Application Notes 


The AMD SLIC Family offers a high degree of versatility 
for applications in many types of Central Office and PBX 
line circuits. In this section, typical single-channel and 
multiple-channel applications are described. 


Figure 1 shows a detailed schematic of a basic single- 
line system using one SLIC and one-half of an 
Am79C02 DSLAC IC. 


In the receive path, the DSLAC IC processes digital 
PCM voice data into analog signals and inputs them to 
the SLIC RSN pin through resistor Rex. In the transmit 
path, the analog output at the SLIC Vx pin is processed 
by the DSLAC IC and output in serial-digital format to 
the PCM interface. Rax sets the receive gain, and Rr is 
used to synthesize the AC two-wire output impedance. 
Both Rr and Rex can be complex, to achieve optimized 
parameters over the voice band. 


In the control path, when the line goes off-hook, the 
SLIC pulls its collector DET output down and enables 
the DSLAC IC serial control data I/O pins, Dw and Dour 
(see Figure 1). The microprocessor also recognizes the 
off-hook, and typically will send a response such as an 
active state or ring relay release command back to the 
SLIC, via the DSLAC IC Dw pin and the C3—C1 data bus. 


SLIC Products 


AMD zl 


The C4 line is also addressed in the same manner, to 
enable or disable the test relay driver. The Eo and E1 
pins are addressed directly by the microprocessor as 
shown. 


SLIC monitor and contro! functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 1 include: 


e During the disable state, inform the processor when 
an off-hook has occurred and send a power up 
command to the SLIC. 


e Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 


e Detect an on-hook condition during the active state 
and send a command to the SLIC to enter the disable 
state. 


e Send a line polarity reverse command to the SLIC. 
e Command the SLIC into the ground-key sense mode. 
e Command the SLIC to energize the ring relay, Ka. 


e¢ Command the SLIC to energize the test relay, Kr. 
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Ringer 
Threshold see “Ringing 
Circuit’ section 













Re Ra +5V 
High Voltage «__|— Low Voltage —5V 
Ringing Vee —e | 
Source ~ fi 
Re Am7958/ 2.048-MHz 
Ar | Am7953X/57X Clock 





Cerfipp  SLIc Ro 


Vx Vint 
}AX 
A(TIP AGND/ 
(TIP) 2 (TIPX) = ‘Nanp a8 AGND1 
R HPA Q 
RX 
fipe Voutt 


U2 
1/2 Am79C02 
DSLAC Device 


BX 


B(RING) Cex | (RINGX) Roc 


Ka  Rre De J 
. 
HL resrour 
< ae) 
Us BGND 
Come DA ees FS) 
PCM 
Interface 
Veat 4 
De 
Ren 
Ca 
Cont ras Cas 
Battery " Microprocessor 
Ground be Interface 
Digital 
Ground 
Analog 
Ground 
*Am7958 only. Replace with short circuit for AmM7953X/57X. 
15772B-018 


Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit 
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Table 1. Parts List — 1/2 of a Dual Channel Subscriber Line System 


U1 

U2 

Kr, Kr 

L 

Di 

Us 

De, D2, Ds 

RF, RF2 

Re 

RB: 

Rs 

Ra 

Rey 

Rp 

Roc1, Roce (Am7958) 
Roci, Roce (Am7953X) 
Roc1, Rocz (Am7957X) 
Rr (Am7958) 

Rr (Am7953X/57X) 
Ren (Am7958) 

Rrx 

Rrx (Am7953X/57X) 
Csn (Am7958) 

Car 

Cpe (Am7953X/57X) 
Coc (Am7958) 

Cup 

Cas 

Cax, Cex 

Cri 

Caat 

Ca 

Cont 


Cone 


Cp 


(see Figure 1 for Circuit) 


Am7958 SLIC 

Am79C02 DSLAC Device 

Relay, 2C contacts, 1500-V rating 

Inductor, 1 mH, 5% 

Diode, 100 V, 100 mA, 4 ns 

Dual transient suppressor, Texas Instruments TISP1082 
Diode 100 V, 100 mA, 10 ns 

Resistor, fuse, 50 *ohms 

Resistor, 800 ohms, 3%, 3 W (Ring Feed Resistor)* 
Resistor, 1 meg, 1%, 1/4 W 

Resistor, 8.25 K, 1%, 1/4 W 

Resistor, 452 K, 1%, 1/4 W 

Resistor, 1.3K, 1%, 1/4 W** 

Resistor, 51.1K, 1%, 1/4 W (sets off-hook threshold)* 
Resistor, 2K, 1%, 1/4 W (sets loop current)* 

Resistor, 31.25K, 1%, 1/4 W* 

Resistor, 20K, 1%, 1/4 W* 

Resistor, 160K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 560K, 1%, 1/4 W* 

Resistor, 300K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 115K, 1%, 1/4 W (sets receive gain)* 
Resistor, 560K, 1%, 1/4 W 

Capacitor, 39 nF, 10%, 10 V 

Capacitor, 0.047 pF, 20%, 100 V 


_ Capacitor 0.15 pF, 10%, 10 V 


Capacitor 1.0 uF, 20%, 10 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.15 pF, 20%, 100 V 

Capacitor, 2200 pF, 20%, 100 V 

Capacitor, 0.15 uF, 10%, 100 V, Metallized Polyester 
Capacitor, 0.47 uF, 20%, 100 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.015 pF, 10%, 50 V, X7R ceramic 
Capacitor, 560 pF, 10%, 100 V, X7R ceramic 
Capacitor, 0.01 uF, 20%, 10 V (sets off-hook filtering)* 


Note:The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application. 
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CENTRAL OFFICE METERING 
SLIC PRODUCTS 


General Description 


AMD’s Central Office Metering SLIC (Subscriber Line 
Interface Circuit) products perform the telephone line in- 
terface functions required by most types of telephone 
switching and transmission equipment that must sup- 
port the metering function. The full range of signal trans- 
mission, battery feed, and loop supervision functions 
are also supported. 


The Am79M53X and Am79M57X Central Office Meter- 
ing SLIC Family is compatible with CCITT recommen- 
dations and supports 2.2-V metering at 12 and 16 kHz. 
The new Am79HM53 is designed to support higher level 
metering requirements such as the 5.1-V metering in re- 
quired in Germany. All of the Central Office Metering 
SLICs feature an internal, self-adjusting switching regu- 
lator to reduce power consumption to a minimum and 
enhance system reliability. They also support on-hook 
transmission and offer extended temperature perform- 
ance, making either type ideal for Digital Loop Carriers 
and other applications that require metering. 


The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and _ four-to-two-wire 
conversion. The two-wire termination impedance is pro- 
grammable with a single external impedance. The com- 
panion AMD SLAC or DSLAC IC (Single-Channel or 
Dual-Channel Subscriber Line Audio-Processing Cir- 
cuit) has a digital balancing filter that provides the trans- 
hybrid loss function. If the DSLAC IC is not used, most 
codec/filters provide an uncommitted op amp for this 
purpose. 
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The SLIC’s battery feed architecture makes their 
DC feed characteristics programmable with external 
resistors. Furthermore, these characteristics are inde- 
pendent of battery variations. AMD’s Central Office 
Metering SLICs are optimized for either 48- or 63-V 
operation. 


A polarity reversal function is provided on all SLICs and 
transposes the normal voltage sense of the A(TIP) and 
B(RING) leads with a controlled transition time. All 
transmission functions continue normally following the 
transition. A disable mode is also provided, limiting loop 
current and cutting power dissipation while allowing the 
full complement of supervisory functions to be utilized. 


The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection hasa 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, or turn off out-of-service lines. Two relay 
drivers support ring and test relay functions, or can be 
used for other functions such as activating a message 
waiting lamp. 


The SLIC’s user-programmable states are controlled 
by a TTL-compatible code. The control inputs are 
designed to easily interface to popular single-chip 
microcontrollers, such as the industry standard 8051, or 
to latched outputs from a SLAC or DSLAC device. 


Central Office Metering SLICs General Description 
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Am79M531/Am79M535 se ioro 
Micro 
Metering Subscriber Line Interface Circuit Devices 
DISTINCTIVE CHARACTERISTICS 
m= Programmable constant current feed m Ground-key detect 
m Line-feed characteristics independent of m Low standby power 
battery variations m™ Two-wire impedance set by single external 
m Programmable loop detect threshold impedance 
m= On-chip switching regulator for low-power m Performs polarity reversal 
dissipation m Tip open state for ground start lines 
m =©Pin for external ground-key noise filter B® Supports 2.2-V RMS metering (12 and 16 kHz) 
capacitor available 
BLOCK DIAGRAM 
I 
: Ring Relay Driver RINGOUT 
AX(TIPX) 9 
i] ‘ 
i] Be ee a () C 
: ' Ground-Key ! 
O C2 
1 Detector : 
' a aes cae ‘ O Ca 
HPA 9 E 
1 Input Decoder oS 
; and Control O Eo 
: Two-Wire 5 DET 
Interface ; 
t t 
iJ ‘ 
HPB © GKFIL 
; Vix 
: O RSN 
' 4 
‘ ‘ 
i] t 
1] ‘ 
t i] 
‘ Ro 
BX(RINGX) Roc 
1 4 
en aS 
“an Pe spel 
. 1 t 
Vree O ‘ 
1 i] 
LO ' 
: Switching Regulator : 
Veat © ‘ 
a 
eae baw ffPJuo coer wn eenwrewwereceezreve Oe wm o Hj @- @ aw Peewee enece = bee Paes meee e2 = i 
CHS Qear CHCLK Veo Vee AGND 
11701B-012 
Notes: Am79M531—Ep and E; inputs; ring relay driver sourced intemally to BGND; no test relay driver, ground-key filter pin. 
Am79M535—Eo and E; inputs; ring relay driver sourced intemally to BGND; ground-key filter pin. 
Current gain (K1) = 1000 for all parts. 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 





aN AMD PREL 
CONNECTION DIAGRAMS 
Top View 
Am79M531 
BGND 28 |_| BX(RINGX) 
Vrea 27 [_] AX(TIPX) 
Vee 26 |_| DB 
RINGOUT 25|_]DA 
GKFIL 24 |_] Ro 
L 23 |_| HPB 
Veat 22 |_] HPA 
* Qear 21 |_| Vx 
CHS 20 (J Vee 
CHCLK 19 [_] RSN 
E; 18 [_] AGND/DGND 
Eo |_| Roc 
DET 16 |_] Ci 
Co L_] 14 15 LJ Cs 


Notes: 1. Pin 1 is marked for orientation. 


2. TP is a thermal conduction pin tied to substrate (Qsar). 





1-116 


IMI NARY 


|_| RINGOUT 





Am79M53X Data Sheet 





Am79M535 
S < 
=a 
e SEE 
* BA 28 
PET TT LE Let 





PRELIMINARY 


ORDERING INFORMATION 
Standard Products 


AMD il 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 


AM79M53X J 


DEVICE NAME/DESCRIPTION 


Am79M53X 
Subscriber Line Interface Circuit 


Valid Combinations 


DC, JC, PC 
AM79M53X -1DC, -1JC, -1PC 
-2DC, -2JC, ~2PC 










—_ 


TEMPERATURE RANGE 
C*= Commerical (0°C to 70°C) 


PACKAGE TYPE 


= 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P= 28-Pin Plastic DIP (PD 028) 
D= 28-Pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 
Blank 
-1 
-2 


Standard Specification 
Performance Grading 
Performance Grading 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND 

Ground (Am79M535) 

Analog (Quiet) ground. 

DGND 

Ground (Am79M535) 

Digital ground. 

AGND/DGND 

Ground (Am79M531) 

Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 

BGND 

Ground 

Battery (power) ground. 

BX(RINGX) 

(Output) 

Output of B(RING) power amplifier. 

C,-C, 

Decoder (Inputs) 

TTL compatible. Cs is MSB and C;, is LSB. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). 
Frequency = 256 kHz (nominal). 

CHS 

Chopper Stabilization (Input) 
Connection for external stabilization components. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 
DET 

Detector (Output) 


When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (Cs—C,, Eo, E,). The output is open-collector witha 
built-in 15K pull-up resistor. 
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Eo 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground-Key Enable (Input) 

When E, is High, E; = High connects the ground-key 
detector to DET , and E; = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 

Ground-Key Filter Capacitor Connection 


An external capacitor for filtering out high-frequency 
noise from the ground-key loop can be connected to this 
pin. An internal 36K —-20%, +40% resistor is provided to 
form an RC filter with the external capacitor. 


In versions which have a GKFIL pin, a 3.3 nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 


A(TIP) side of high-pass filter capacitor. 


HPB 

B(RING) side of high-pass filter capacitor. 

L 

Switching Regulator Power Transistor (Output) 


Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qoat 

Quiet Battery 


Filtered battery supply for the signal processing circuits. 


Ro 

Threshold modification and filter point for the off-hook 
detector. 

Roc 


Connection point for the DC feed current programming 
network. The other end of the network connects to the 
Receiver Summing Node (RSN). The sign of Vaoc is 
minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 


Sourcing from BGND with internal diode to Qosar 
(Am79M531). 
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RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed current all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 


Voeart 


Connected to office battery supply through an external 
protection diode. 


Vee 
+5-V power supply. 


SLIC Products 


AMD — aA 
Vee 

—5-V power supply. 

Vaea 

Regulated Voltage (Input) 


Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and 
chopper stabilization. 


Vix 
Transmit Audio (Output) 


This output is 0.51 0 times the AX(TIPX) and BX(RINGX) 
metallic voltage. The other end of the two-wire input 
impedance programming network connects here. 


1-119 


an AMD 


ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 


Vee with respect to AGND/DGND .. -0.4 Vto +7.0V 
Vee with respect to AGND/DGND .. +0.4Vto-7.0V 
Vaart with respect to AGND/DGND ... +0.4 V to-70 V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 
less when Qasar bypass = 0.33 pF. 


BGND with respect to 

AGND/DGND ............... +1.0V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 

Continuous ...........0. 000805 -70Vto+1.0V 

10 ms (F=0.1 Hz) ............ -70Vto +5.0 V 

ViSth SOV AZ) o42%4eaebedex -90Vto+10V 

250 ns (F=0.1Hz) .......... -120 Vto+15V 
Current from AX(TIP) or BX(RING) ....... +150 mA 
Voltage on RINGOUT .... BGND to 70 V above Qsar 
Current through Relay Driver ............. 60 mA 
Voltage on Ring Trip Input 

(DA and DB)............. 00.000 Veat to 0 V 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

Switch (L pin) ...............000 0 eee 150 mA 
Switcher Transient Peak Off 

VoltageonLpin.................205. +1.0V 
C3-C1, EO, E1, CHCLK to 

AGND/DGND ........... -0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 1.4W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 
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OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Vise a Gl Ree a ooh REG CMa ea ee 4.75 V to 5.25 V 
VEEP a yet hOGA wo bo ewan obs -4.75 V to-5.25 V 
Naat Sie a ehh chen seo ae tee -40 V to-63 V 
AGNO/DGND 7 oi 0094 Ses oeedosit eee eee OV 
BGND with respect to 

AGND/DGND ........... -—100 mV to +100 mV 


10 Kohm Min 


“2” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 


Load Resistance on Vx to Ground... . 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS over operating range 
Am79M531/Am79M535 (see Note 1) 


Preliminary 
Description ee ee Se eer Unit 
Analog (Vrx) Output impedance (Note 5) | | | ohm 


—35 +35 
Analog (Vix) Output Offset V 
—1 —30 +30 
Analog (RSN) Input Impedance (Note 5) 
— 300 Hz to 3.4 kHz hm 
Longitudinal Impedance at AX or BX 
Note 5 35 


Overload Level oe ee a 
Zan = 600 to 900 ohms (Note 2) P 


Transmission Performance, two-wire imp 





3 


- 
a 
° 
< ° 


edance 
300 Hz to 500 Hz 


500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 













Two-Wire Return Loss 
(See Test Circuit D) 
(Notes 5, 13) 


dB 









Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 










R. = 600 ohms, Longitudinal to Metallic 






48 
300 Hz to 3400 Hz 
52 


200 Hz to 1000 Hz _o** 63 70 

1000 Hz to 3400 Hz 58 70 

200 Hz to 3400 HZ ; 

Reverse Polari 

300 Hz to 800 Hz 
300 Hz to 800 Hz 
Active State eeeee i et 
Disable State Le ee ee 


Insertion Loss (see Test Circuits A and B) 


5.70 5.85 6.00 
Vas = 0 dBm, 1 kHz 
5.75 5.95 
-0.15 +0.15 
Vax= 0 dBm, 1 kHz 
-1 -0.1 +0.1 


Insertion Loss versus Frequency (see Test Circuits A and B) 
Two-Wire to Four-Wire or 300 Hz to 3400 Hz 
Four-Wire to Two-Wire Relative to 1 kHz 


L-T, L-4 (normalized to unity gain) dB 





Longitudinal to Metallic L-T and 
L-4 (normalized to unity gain) 
(for trimmed version consult factory) 









Longitudinal Signal Generation 4-L 






Longitudinal Current Capability 
per Wire (Note 5) 















Two-Wire to Four-Wire 


Four-Wire to Two-Wire 










Gain Tracking (see Test Circuits A and B) 












Two-Wire to Four-Wire or 
Four-Wire to Two-Wire (Note 5) 


+7 dBm to -55 dBm 01 0.1 
Reference: 0 dBm ‘ ve 
Balance Return Signal (four-wire to four-wire, see Test Circuit B) 
—6.00 -5.70 
0 dBm, 1 kHz 
-1 —5.95 -5.75 
300 Hz to 3400 Hz 
: -0.1 +0.1 
Relative to 1 kHz 
d -55 dB 
+3 dBm to m 0.1 404 
Reference: 0 dBm 
ae ae Se eee 


F=1 kHz 











Gain Accuracy (Note 3) 


Variation with Frequency (Notes 3, 5) 







Gain Tracking (Note 5) 





*P.G. = Performance Grade 
**All other performance parameters equivalent to —1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description iiscnmte: | seaseeee ea Tae Unit 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 
0 dBm, 300 Hz to 3.4 kHz 
+9 dBm, 300 Hz to 3.4 kHz 


two-wire 
~1 +7 












Total Harmonic Distortion dB 



















Total Harmonic Distortion 
With Metering (Notes 5, 10) 





Idle Channel Noise 


C-Message Weighted Noise 
(Notes 5, 7) 


two-wire 


four-wire 


Psophometric Weighted Noise 
(Note 7) 










two-wire 
four—wire 


uency Out-of-Band Noise (see Test Circuit E 


ae i 
ee Se a 
a eae ae 
se eee 


DC Feed Currents (see Figures 1a, 1b, 1c) Battery = —48 V 


Active Mode Loop Current Accuracy lLoor (nominal) = 40 mA | -75 | [475 | 
Disable Mode R. = 600 ohms 


Tip Open Mode Ri = 600 ohms 


Open Circuit Mode 


AX and BX shorted 
to ground 





Psophometric Idle Channel Noise 
with Metering (Notes 5, 11) 








Metallic dBm 


Longitudinal dBm 
















Fault Current Limit, tuum (lax + lex) mA 


Power Dissipation Battery = —48 V, Normal Polarity 


Ri = 600 ohms 
Ri = 600 ohms 














On-Hook Open Circuit 


On-Hook Disable Mode 
mW 
On-Hook Active Mode 


Off-Hook Disable Mode 
Off-Hook Active Mode 
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ELECTRICAL CHARACTERISTICS (continued) 





Preliminary 
Description Pee 2 we ee Unit 


Supply Currents 













Open Circuit Mode 
Disable Mode 
Active Mode 


Open Circuit Mode 
Disable Mode 
Active Mode 
Open Circuit Mode 
Vear On-Hook Supply Current Disable Mode 
Active Mode 





Veco On-Hook Supply Current mA 









Vee On-Hook Supply Current 










Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


25 45 
50 Hz to 3400 Hz 
—1 30 45 


3.4 kHz to 50 kHz 


22 35 
—1 25 35 
: 20 40 
50 Hz to 3400 Hz 
-1 25 40 
10 25 
1 10 25 


Vee 
(Notes 6, 7) 









Vee 


Notes 6, 7 
Nevene. 2) 3.4 kHz to 50 kHz 


27 45 
50 Hz to 3400 Hz 
1 30 45 
20 40 
3.4 kHz to 50 kHz 
25 40 
Off-Hook Detector 


Current Threshold Accuracy lber = 365/Ro Nominal he ks ee ee % 
Ground-Key Detector Thresholds, Active Mode, Battery = —48 V (see Test Circuit F) 


Ground-Key Resistance Threshold | B(Ring)toGND_ | | 2.0 | 5.0 | 10.0 | 
| B(Ring)to@ND | 
| Midpointto@nD_ [| | TT 


ee eee ee 
Source Resistance 50 
0 to 2 Mohms id 


Veat 
(Notes 6, 7) 
















Ground-Key Current Threshold (Note 8) mA 





Ring Trip Detector Input 






Bias Current 


Offset Voltage (Note 12) 


Logic Inputs (C;, C2, Cs, Cs, Eo, E:, and CHCLK) 
Input High Voltage 


Input Low Voltage 


Input High Current 
Input Low Current 





Logic Output (DET) 


Output Low Voltage lour = 0.8 MA 





Output High Voltage 
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SWITCHING CHARACTERISTICS 


Am79M531 
E; High to DET High (Eo = 1) Ground-Key Detect Mode 3.8 
tgkde Ri Open, Ra Connected us 
Es High to DET Low (Eo = 1) (see Test Circuit G) 1.1 
E; Low to DET Low (Eo = 1) 1.2 
tshde Hs 
E; Low to DET High (Eo = 1) 3.8 
tshdd Eo High to DET Low (E: = 0) Switch Hook Detect Mode aa 
Ri = 600 ohms, Re Open pS 
tshdo E. Low to DET High (E: = 0) (see Test Circuit H) 4 
tgkdd Ey High to DET Low (E: = 1) aa 
Us 
tgkdo Eo Low to DET High (E: = 1) foe | 38 | 





Table 1. SLIC Decoding 







DET Output 






a —_ - Eo = - 
State Two-Wire Status E.= 


Pot 0 Ot Ringing } Ring Trip = Ring Tip | Trip Ring Trip 


pes 8 SO, SSN = Heseet l | LoopDen = — Det. 


Active Oe ee Reversal re Det. Ground Key 
Disable Polarity Reversal Loop Det. Ground Key 


*A logic Low on Eo disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79M531/Am79M535 
E; to DET 
E; 
DET 
tgkde tshde tgkde tshde 
E. to DET 
E; 
YY 
Eo 
DET 
tshdd tshdo tgkdd tgkdo 


Note: All delays measured at 1.4-V level. 


11701B-013 
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Relay Driver Specifications 


Am79M531/Am79M535 

BGND 
| 
| 
| 
| 
| 

RINGOUT 

| 
| 
| 

Qaar 11701A-24 


| 
Description Test Conditions | Min tye Mex | Unit 


Relay Driver Outputs (RINGOUT) 













On Voltage 


50 mA Source BGND -2 BGND-—-0.95 
Notes: 


1. Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vee = —5 V, Ri = 600 ohms, Crp = 0.22 UF, Roos = 
Roce = 31.25K, Coc = 0.1 WF, Ra = 51.1K, no fuse resistors, two-wire AC output impedance, programming impedance 
(Zr) = 306K resistive, receive input summing impedance (Zax) = 300K resistive. (See Table 2 for component formulas.) 


2. Overload level is defined when THD = 1%. 


3. Balance return signal is the signal generated at Vix by Vax. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Zr. 






Off Leakage 


Clamp Voltage 





4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 


5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 
6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 


7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when | Vear| — | Vax—Vex| is less than approximately 
17 V. 


8. “Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
9, Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 


10. Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, anda transmit 
signal of +3 dBm or receive signal of -4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is 
measured as the highest in-band harmonic at the two-wire or the four-wire output relative to the input signal. 


11. Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 


12. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only. 


13. Assumes the following Zr network: Vex WV RSN 


153K 153K 
== 
56 pF 


14. Group delay can be considerably reduced by using a Z; network such as that shown in Note 13 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 


Zr is connected between the Vix and RSN pins. The fuse resistors are R-, and 

Zr = 510(Zown— 2RF) Zoww is the desired two-wire AC input impedance. When computing Zr, the 
internal current amplifier pole and any external stray capacitance between 
Vr and RSN must be taken into account. 





Joe = Z 1000 Z; Zrx is connected from Vex to the RSN pin and Z; is defined above and G42L is 
G42L Zr +510 (2. + 2Rr) the desired receive gain. 
Root + Roce = 2500/Iecen Roe, Roce, and Coc form the network connected to the Roc pin. Roc: and Roca 
Coc = (1.5 ms)(Roes + Roca)/(Roct Rocz) are approximately equal. 


Ro and Cp form the network connected from Ro to—5 V, and Iris the threshold 
Ro = 365/Ir, Co = 0.5 ms/Ro current between on-hook and off-hook. 
Zu is connected from Vwe (metering source) to the RSN 
pin, Vuew is the desired magnitude of the metering signal at the two-wire out- 
put (usually 2.2 VRMS) and K; (a) is defined below. 
Vira Ki (@) Zi - Zr 1000 
Oo K1() = 


Zu = ca rT ee eee ee ee 
Vuew = Zr + 0.51 - Kr () (2A + 21) 1 + jo (11.5 - 10° + CX/2)(36 + Z. + 2Rr) 





where: CX = The values of the identical capacitors from AX and BX to ground 
@ = 27 x metering frequency 


Veat = 47.3 V 
Roc1 + Roce = Roc= 62.5K 


Vax Zs Vex 
(Volts) 





2500 





Constant current region: IL= 
Roc 


R 
Anti-sat 1 region: = Vax-ex = 45.78 — = 
152.6 


Ik 








Anti-sat 2 region: Vax-px = 1.075 | Vear| ~17.86 -(ooise 


Roe ) 
le 
2 


Figure 1a. Load Line (Typical) 


See Figure 1c. 
11701B-014 


SLIC Products 1-127 


at amp PRELIMINARY 





Load Current versus Load Resistance — Am79M531/Am79M535 
Veat = —47.3 V 

Roc = 62.5K 

See Figure 1c. 


11701B-015 


Figure ib. Feed Characteristics (Typical) 





Current programmed by Roc: and Roe. 


11701B-016 


Figure 1c. Feed Programming 
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TEST CIRCUITS 


A 
(TIP) 





Vas 





B 
_ (RING) 
lLa« = -20 log (Vix / Vas) ue =—20 log (Vas/ Vax) BRS = 20 log (Vix / Vax) = 
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance 


Return Signal 


S: closed, S2 open and 1/wC << Ri: 
Rr 


L-T Long. Bal. = -20 log “) 


: Vix 
L-4 Long. Rej. =—20 lo —_— 
ake : (es) 


S2 closed, S; open: 
Vex 4.L Long. Sig. Gen. = -20 log ¢ te ) 
Vax 


Se Rax 


(RINGX) 








C. Longitudinal! Balance (IEEE) 


Zo: The desired impedance; for example, the 
characteristic impedance of the line. 


Rr 
2V 
Ri = 20 log é 7 :) 








RING RSN 





= , 11701B-022 
D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 


68Q C 





1/wC << 900 


BX 
(RINGX) 


E. Single-Frequency Noise 


A(TIP) 


CT B(RING) 
= 


Current Feed and Ground Key 


F. Ground-Key Detection 






Veo 
6.2K 
A 
A(TIP) 
15 pF 
Ri = 600 ohms 
B 
Hasek B(RING) 
15772A-017b 
G. Ground-Key Switching H. Loop Detector Switching 
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Advanced 
Am79M570/Am79M574 Micro 
Metering Subscriber Line Interface Circuit Devices 
DISTINCTIVE CHARACTERISTICS 
m =©6©Programmable constant resistance feed = Test relay driver optional 
@ Programmable loop detect threshold @ Supports 2.2-V RMS metering (12 and 16 kHz) 
™ Ground-key detect @ On-chip switching regulator for low-power 
™ Lowstandby power dissipation 
B® Performs polarity reversal m= Two-wire impedance set by single external 
m™ Line-feed characteristics independent of impedance 

battery variations — — Tip open state for ground start lines 





RINGOUT 


2 
Ss 
eo} 
aD 
©: 
& 
Oo 
=. 
< 
@ 
fad 
--“(F-<« 








i] 
i] 
AX(TIPX) tiene fea ‘ 
ee | Test Relay Driver }+———— _ TESTOUT 
i] Bewwewrereceeceanrce a i] 
ty | etry : Cc; 
; ' Ground-Key ! C2 
1 Detector 5 ma ‘ 
a | (OR aaa ‘ Cs 
HPAP Te ttc et I 9 Cs 
' Input Decoder |e ----- oO £, 
i and Control E 
Two-Wire ea! 
: Interface DET 
HPB © 
L] e 
, [__"[sional transmission] [LS oR 
! ee er 
: Off-Hook Detector : 
i] 
, Re 
ower Fee 
Pee | "eattt ie 
L] ‘ 
oe P| Ring Trip Detector ! 
e i] 
t ‘ 
Vaca 
Lo ‘ 
: Switching Regulator : 
Veat © -_ ‘ 
BGND dienes ' 


CHS) Qsar CHCLK Vee Vee AGND 
11701B—017 
Notes: Am79M570—Eo and E; inputs; ring relay driver sourced intemally to BGND. 


Am79M574—Eo and E; inputs; ring and test relay drivers sourced intemally to BGND. 
Current gain (K1) = 1000 for both parts. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 16857 Rev. A Amendment /0 
Issue Date: June 1992 1-131 


OV ano PRELIMINARY 
CONNECTION DIAGRAMS 










Top View 
Am79M570 Am79M574 
< 
3 2 
3 {_] BX(RINGX) S . g QE 
_ o ac O x 2% [es] 
T] AX(TIPX) cr>r> ma ow a 
PF) Ff) TI I 
mae 
Oo M7 





Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qgar). 
3. NC=No connect. 
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ORDERING INFORMATION 
Standard Products 


AMD a 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 


AM79M57X J 


DEVICE NAME/DESCRIPTION 


Am79M57X 
Subscriber Line Interface Circuit 


Valid Combinations © 


DC, JC, PC 
AM79M57X -1DC, -1JC, -1PC 
-2DC, -2JC, -2PC 










= 


TEMPERATURE RANGE 
C*= Commerical (0°C to 70°C) 


PACKAGE TYPE 
J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 


P= 28-Pin Plastic DIP (PD 028) 
D= 28-Pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 
Blank 
—1 
-2 


Standard Specification 
Performance Grading 
Performance Grading 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND 

Ground (Am79M574) 
Analog (Quiet) ground. 
DGND 

Ground (Am79M574) 
Digital ground. 
AGND/DGND 


Ground 
(Am79M570 ) 


Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 

(Output) 

Output of A(TIP) power amplifier. 

BGND 

Ground 

Battery (power) ground. 

BX(RINGX) 

(Output) 

Output of B(RING) power amplifier. 
C.-C, 

Decoder (Inputs) 

TTL compatible. Cs is MSB and C, is LSB. 
C, 


Test Relay Driver Command (input) 
(Am79M574) 


TTL compatible. A logic Low enables the driver. 
CHCLK 
Chopper Clock (Input) 


Input to switching regulator (TTL compatible). 
Frequency = 256 kHz (nominal). 


CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 
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DET 
Detector (Output) 


When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (Cs—C,, Eo, E:). The output is open-collector witha 
built-in 15K pull-up resistor. 

E, 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground-Key Enable (Input) 

When £, is High, E: = High connects the ground-key 
detector to DET, and E; = Low connects the off-hook 
or ring trip detector to DET. 

HPA 


A(TIP) side of high-pass filter capacitor. 


HPB 
B(RING) side of high-pass filter capacitor. 


L 

Switching Regulator Power Transistor (Output) 
Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qoar 

Quiet Battery 


Filtered battery supply for the signal processing circuits. 


Ro 

Threshold modification and filter point for the off-hook 
detector. 

Roc 

Connection point for the DC feed resistance program- 
ming network. The other end of the network connects 
to the Receiver Summing Node (RSN). The sign of Vaoc 
is minus for normal polarity and plus for reverse polarity. 
RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Qaar. 
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TESTOUT 


Test Relay Driver (Output) 
(Am79M574) 


Sourcing from BGND with internal diode to Qaar. 


RSN 
Receive Summing Node (Input) 


The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1000 times the current into this 
pin. The networks that program receive gain, 2-wire 
impedance, and feed resistance all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 


Voat 


Connected to office battery supply through an external 
protection diode. 
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Vee 

+5-V power supply. 

Ver 

~5-V power supply. 

Vrec 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and 
chopper stabilization. 

Vix 

Transmit Audio (Output) 


This outputis 0.510 times the AX(TIPX) and BX(RINGX) 
metallic voltage. The other end of the two-wire input 
impedance programming network connects here. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 


Vcc with respect to AGND/DGND .. -0.4V to +7.0V 
Vee with respect to AGND/DGND .. +0.4Vto-7.0V 
Vaart With respect to AGND/DGND ... +0.4 Vto-70V 


Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or 


less when Qaar bypass = 0.33 pF. 


BGND with respect to 

AGND/DGND ............... +1.0 Vto-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 

Continuous .................. -70 Vto +1.0V 

10 ms (F=0.1 Hz) ............ -70 Vto +5.0V 

TUS(PEOA FZ) scared sctexd -90 Vto +10 V 

250 ns (F=0.1 Hz) .......... -120 Vto +15 V 
Current from AX(TIP) or BX(RING)....... +150 mA 
Voltage on RINGOUT .... BGND to 70 V above Qaar 
Voltage on TESTOUT .... BGND to 70 V above Qaar 
Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(DA and DB): oes ois Coe ee Vear to OV 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

SWIC PIN) swlhi ap Sse tases 150 mA 
Switcher Transient Peak Off 

VoltageonLpin...................-. +1.0V 
C4-C1,E0,E1,CHCLKto 

AGND/DGND ........... -0.4 V to Veco + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 14W 

In 32-pin PLCC package .............. 1.74W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 
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OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Vee) 2 aeees Vu Bode bee sales Dade 4.75 V to 5.25V 
Veep wdwi dees Baheees aus ee Ry —4.75 V to -5.25 V 
NM GAT dine G/B Ges 5a eae ee —40 V to-63 V 
PRSND/DGND 223-2 eee eet arse saees OV 
BGND with respect to 

AGND/DGND ........... —100 mV to +100 mV 


10 Kohm Min 


“2” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (—40°C to +85°C) 
specifications. 


Load Resistance on Vix to Ground .... 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS over operating range 
(see Note 1) 





Preliminary 
Description Test Conditions Unit 


| PG" | Min | | Max_| 
Analog (Vrx) Output Impedance eee) ae a eee ohm 


-35 +35 
Analog (Vm) Output Offset mV 
—1 —30 +30 
Analog (RSN) Input Impedance (Note 5) 
— 300 Hz to 3.4 kHz ohm 
Longitudinal Impedance at AX or BX 


ee all 
ne ae ee 


Overload Level four-wire 
Zawn = 600 to 900 ohms (Note 2) two-wire 


Transmission Performance, two-wire impedance 
300 Hz to 500 Hz 


500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 











Two-Wire Return Loss 
(See Test Circuit D) 
(Notes 5, 14) 





dB 









Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 










R. = 600 ohms, Longitudinal to Metallic 
L-T, L-4 (normalized to unity gain) 


48 


200 Hz to 1000 Hz sai 63 70 

1000 Hz to 3400 Hz 58 70 

200 Hz to 3400 Hz 

Reverse Polarit 54 

300 Hz to 800 Hz 40 
300 Hz to 800 Hz -1 42 
pative State eae aa ay 
Disable State le 


Insertion Loss (see Test Circuits A and B) 


5.70 5.85 6.00 
Vas = 0 dBm, 1 kHz 
—1 5.75 5.95 . 
~0.15 +0.15 
Vax = 0 dBm, 1 kHz 
—1 -0.1 +0.1 
insertion Loss versus Frequency (see Test Circuits A and B) 
Two-Wire to Four-Wire or 300 Hz to 3400 Hz 0.1 6:4 dB 
Four-Wire to Two-Wire Relative to 1 kHz , one 
Gain Tracking (see Test Circuits A and B) 
Two-Wire to Four-Wire or +7 dBm to -55 dBm 64 4 
Four-Wire to Two-Wire (Note 5) Reference: 0 dBm ; , 
Balance Return Signal (four-wire to four-wire, see Test Circuit B) 
—6.00 ~5.85 —5.70 
Bm, 1 kH 
peace: | ay (ee | | 
300 H 
0 . to 3400 Hz ia 204 
Relative to 1 kHz 
+3 dBm to -55 dBm 4 43 
Reference: 0 dBm 
rn ee ee ae 





dB 





Longitudinal to Metallic L-T and 
L-4 (normalized to unity gain) 
(for trimmed version consult factory) 
















Longitudinal Signal Generation 4-L 






Longitudinal Current Capability 
per Wire (Note 5) 












Two-Wire to Four-Wire 


Four-Wire to Two-Wire 






















Gain Accuracy (Note 3) 


Variation with Frequency (Notes 3, 5) 







Gain Tracking (Note 5) 


F=1 kHz 





*P.G. = Performance Grade 
**All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 


| Preliminary 
Description ee oe ae ee Unit 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 
0 dBm, 300 Hz-3.4 kHz -64 
+9 dBm, 300 Hz-3.4 kHz —-55 


. +7 +15 
two-wire 
: +3 +10 
four-wire 
—1 +3 +7 
two-wire 
four-wire ~52 
Single Frequency Out-of-Band Noise (see Test Circuit E) 
(Notes 4, 5, 9) 4 kHz to 9 kHz 
(Notes 4, 5, 9) 9 kHz to 1 MHz a oe 
(Notes 4, 5) 256 kHz and harmonics 
(Notes 4, 5, 9) 1 kHz to 15 kHz 


(Notes 4, 5, 9) Above 15 kHz —— 
256 KHz and harmonies a 


Line Characteristics (see Figures 1a, 1b, 1c) Battery = —48 V, R. = 600 and 900 ohms, Rreeo = 800 ohms 


Apparent Battery Voltage | 47 | 50 | 53 | Vv 
Loop Current Accuracy | -75 | | 475 
Loop Current—Tip Open ——SEE % 
Loop Current—Open Circuit | Ri=Oohms = 0 ohms yea eel eea 


Deere Mode 
be) 
to ground 














Total Harmonic Distortion 


Total Harmonic Distortion 
With /Metering 









Idle Channel Noise 


C-Message Weighted Noise 


(Notes 5, 7) dBc 


Psophometric Weighted Noise 
(Note 7) 
















Psophometric Idle Channel Noise 


dB 
with Metering (Notes 5 and 12) mp 









Metallic dBm 


Longitudinal dBm 


Power Dissipation Battery = —48 V, Normal Polarity 








120 
80 
250 
200 
200 400 
200 300 


TT Ti aaa RS ST = 
| R.=6000mms | | 0 |_ 1000 _ 





On-Hook Open Circuit 












On-Hook Disable Mode 
mW 





On-Hook Active Mode 










Off-Hook Disable Mode 
Off-Hook Active Mode 
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ELECTRICAL CHARACTERISTICS (continued) 


Preliminary 
Description Pe ee oe ee ee Unit 


Supply Currents 









Open Circuit Mode 
Disable Mode 
Active Mode 
Open Circuit Mode 
Disable Mode 
Active Mode 
Open Circuit Mode 
Disable Mode 
Active Mode 





Vee On-Hook Supply Current mA 























Vee On-Hook Supply Current 





Vear On-Hook Supply Current 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


25 45 

50 Hz to 3400 Hz 
—1 30 45 
22 35 

3.4 kHz to 50 kHz 
-1 25 35 
20 40 

50 Hz to 3400 Hz 
-1 25 40 
10 25 

3.4 kHz to 50 kHz 
-1 10 25 
27 45 

50 Hz to 3400 Hz 
-1 30 45 
20 40 

3.4 kHz to 50 kHz 
-1 25 40 

Off-Hook Detector 


Current Threshold Accuracy Iber = 365/Ro Nominal ee) ee ee ee ae 


Ground-Key Detector Thresholds, Active Mode, aaa —48 V (see Test Circuit F) 


Ground-Key Resistance Threshold __|_B(Ring)toGND__ | | 20 | 5.0 | 100 | Kohm 
Ground-Key Current Threshold (Note 8) —————— nike 


Ring Trip Detector Input 
Source Resistance 


Logic Inputs (C;, C2, Cs, Cs, Eo, E1, and CHCLK) 
Input High Voltage 
Input Low Voltage 








Vee 
(Notes 6, 7) 


Vee 


(Notes 6, 7) dB 


Veat 
(Notes 6, 7) 














Bias Current 


Offset Voltage (Note 13) 


Input High Current 
Input Low Current 





Logic Output (DET) 


Output Low Voltage lour = 0.8 mA 





Output High Voltage 
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SWITCHING CHARACTERISTICS 





Am79M570/Am79M574 
E; High to DET High (Eo = 1) Ground-Key Detect Mode 3.8 
tgkde sates Ri Open, Re Connected Hs 
E, High to DET Low (Eo = 1) (see Test Circuit G) 1.1 
E; Low to DET Low (Eo = 1) 1.2 
tshde eae Ls 
E, Low to DET High (Eo = 1) 3.8 
\ 
tshdd Eo High to DET Low (E; = 0) Switch Hook Detect Mode i ee ee 
Ri = 600 ohms, Re Open HS 
tshdO E, Low to DET High (E; = 0) (see Test Circuit H) Ey | ae 
tgkdd Eo High to DET Low (E; = 1) lost ae ae te 
ps 





Table 1. SLIC Decoding 
















Eo = 1* 





State Cs; Cz, Ci Two-Wire Status E,:=0 Ei:=1 
0 0 0 0 Open Circuit Ring Trip Ring Trip 


*For the Am79M570 and Am79M574 logic Low on Eo disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79M570/Am79M574 
E, to DET 
E 
DET 
tgkde tshde tgkde tshde 
Eo to DET 


— 


Eo 
DET 
tshdd tshdo tgkdd tgkdo 


Note: All delays measured at 1.4-V level. _ 11701B-018 
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Relay Driver Specifications 


Am79M570/Am79M574 Am79M574 

BGND BGND 
| | 
| | 
| 
| | 
| | 

RINGOUT TESTOUT 

| | 
| | 
| | 

Qear Cae 11701A-30 


Description | TestConditions | min | typ | Mex | Uni 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage 60 mA Source BGND-2 | BGND-0.95 i 


Notes: 


1. Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vee =—5 V, Ri = 600 ohms, Cup = 0.22 pF, Roos = 
Roce = 20K, Coc = 0.1 pF, Ra = 51.1K, no fuse resistors, two-wire AC output impedance, programming impedance (Zr) = 306K 
resistive, receive input summing impedance (Zrx) = 300K resistive. (See Table 2 for component formulas.) 


2. Overload level is defined when THD = 1%. 


3. Balance return signal is the signal generated at Vix by Vax. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Zr. 


4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 


5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 
6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 


7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend on 
system design. The Anti-sat 2 region occurs at high loop resistances when | Vest | — | Vax —Vex lis less than approximately 
17V. 





8. “Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 
10. Loop-current limit which depends upon the programmed apparent open circuit voltage and the feed resistance is calculated as 
follows: 


F Vapparent 
In Disable mode: lum = 0.5 





Rreep 


In Active mode: — lumi = 0.8 Vapparent 


Rereep 


11. Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, and a transmit 
signal of +3 dBm or receive signal of -4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is 
measured as the highest in band harmonic at the two-wire or the four-wire output relative to the input signal. 


12. Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 


13. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only. 


14. Assumes the following Zr network: Vix Nye Ne RSN 
153K 153K 
ills 


56 pF 
15. Group delay can be considerably reduced by using a Z; network such as that shown in Note 14. The network will 


reduce the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 


Zr is connected between the Vr and RSN pins. The fuse 
resistors are Rr, and Zown is the desired two-wire AC input impedance. When 
computing Zr, the internal current amplifier pole and any external stray capaci- 
tance between Vix and RSN must be taken into account. 


Zr = 510(Zown— 2Re) 





Pox = a 1000 Zr Zex is connected from Vax to the RSN pin and Zr is defined above and G42L is 
G4aL Zr + 510 (2. + 2Rr) the desired receive gain. 
Roct + Roce = 50(Rreen— 2Rr) | Roc1, Rocz, and Coc form the network connected to the Roc 
Coc = (1.5 ms)(Roet + Roce)/(RoesRocz) pin. Roc: and Roce are approximately equal. 
Ro = 365/Ir, Co = 0.5 ms/Ab Ro and Co form the network connected from Rp to —-5 V, and I is the threshold 


current between on-hook and off-hook. 


Zu is connected from Vue (metering source) to the ASN 
pin, Vuaw is the desired magnitude of the metering signa! at the two-wire output 
(usually 2.2 VRMS) and K; (a) is defined below. 

Vue Ki () Z.- Zr 


Zu = oe ee 1000 
View Zr + 0.51 - Ki (@) (2Re + 21) Ki (@) = 





1+ jo (11.5 - 10° + CX/2) (36 + Z. + 2Rr) 


where: CX = The values of the identical capacitors from AX and BX to ground 
@ = 27 x metering frequency 


Veat = ~47.3 V 
Roct + Roce = Roc= 40K 


P———. L Anti-sat 1 


ee Constant Resistance Feed 


= 
CTP KE 
COT 


Vax—- Vex 
(Volts) 








I. (mA) ue 
. ‘ - Roc 
Constant resistance feed region: Vax-sx = 50— I 
50 
A ee = Roc 
Anti-sat 1 region: Vax-sx = 39 “Tos I 


Anti-sat 2 region: Vax-ex = 1.003 Vear| -153-( 01 cue) I 


See Figure 1c. 
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Figure 1a. Load Line (Typical) 
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Load Current vs Load Resistance 
Veat = — 47.3 V 
Roc = 40K 

See Figure 1c. 


11701B-020 


Figure 1b. Feed Characteristics (Typical) 





Feed resistance programmed by Roe: and Rocz. 


11701B—021 


Figure 1c. Feed Programming 
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TEST CIRCUITS 





has =—20 log (Vix / Vas) 


A. Two-to-Four Wire Insertion Loss 


Rr 


(RINGX) 





S2 Rrx 


AMD at 


A 
(TIP) 





B 
(RING) 


le =—20 log (Vas/ Vex) BRS = 20 log (Vix / Vax) 


B. Four-to-Two Wire Insertion Loss and Balance 
Return Signal 


S: closed, Sz open and 1/wC << Ri: 


L-T Long. Bal. = -20 log (“2) 
L-4 Long. Rej. = —20 log Vo 
Gr: E 


S2 closed, S; open: 
Vex 4p Long. Sig. Gen. = -20 log Ce )) 
RX 





C. Longitudinal Balance (IEEE) 





Zp: The desired impedance; for example, the 
characteristic impedance of the line. 


av. 
Ri = 20 log (- vy 
Ss 





11701B-022 


D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 


68Q C 





1/wC << 900 


BX 
(RINGX) 


E. Single-Frequency Noise 


A(TIP) 


Ri 
Sm | 
Re 
B(RING) 
Re 
SE | 


Current Feed and Ground Key 


F. Ground-Key Detection 





A 
B R. = 600 ohms 
Baek B(RING) 
15772A-017b 
G. Ground-Key Switching H. Loop Detector Switching 
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Advanced 
Am79HM53 ‘hts 
High-Level Metering Subscriber Line Interface Circuit Devices 


DISTINCTIVE CHARACTERISTICS 


m= Programmable constant current feed 

m Programmable loop detect threshold 

m Ground-key detect ” 

m Low standby power - 

m Performs polarity reversal 

m Various ring and test relay driver a 
combinations available o 


m= Supports up to 5.1-V RMS metering (12 and 
16 kHz) 


BLOCK DIAGRAM 














i] 
1 
4 
t 
AX (TIPX) 
' 
i] 
; Ground-Key 
HPA @ Detector 
: Two-Wire 
Interface 
1 
HPB O 
; Signal 
; | Transmission 
1] 
BX (RINGX) 
i] 
i] 
Eee ee asl eet 
DB Detector 
Vaca 
L Switching 
Veat O Regulator 
BGND 
POs & ¢ Se O---O---O0O-- 


CHS Qsar CHCLK 





Line feed characteristics independent of 
battery variations 


On-chip switching regulator for low power 
dissipation 


Two-wire impedance set by single external 
impedance 


Tip open state for ground start lines 
Current gain =200 


[~——7 Test Relay Driver ———-0 TESTOUT 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 16814 Rev. A Amendment /0 
issue Date: June 1992 


‘ 
| ' 
| Ring Relay Driver © RINGOUT 
! 
| C1 
Ls C2 
O C3 
Input Decoder & C4 
and Control 4 £9 
E1 
' —_——— 
DET 
' 
Q RSN 
Vix 
; 
‘ 
‘ 
Ro 
Roc 
Cas 
' 
4 
‘ 
‘ 
=e 
o ‘ 
— oe i: 
Vee Vee: “AGNOIDGND 15772A-001 
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CONNECTION DIAGRAMS 
32-Pin Plastic Leaded Chip Carrier (PL 032) 


4 |] RINGOUT 


3[_] Vcc 


2] Vrec 
e1{_} BGND 
327] BX(RINGX) 
31 J AX(TIPX) 
30 {|_| DB 





29|_] TP 
281] DA 
27|_] Ro 
26|_] HPB 


TP 
TESTOUT 
L 


Veat 





QpaT HPA 
CHS Vrx 
CHCLK Vee 
C4 RSN 
E1 AGND/DGND 





w 
cr 
| 


F 


28-Pin Plastic DIP (PD 028) or 28-Pin Ceramic DIP (CD 028) 


Eo L] 14 


E 


oO ~™ @ 
ri lc ehlUlUmr 
Ly LI Ld 
N OO Fr 
Oo OO 0 


2 
oO a 


D 







-] BX(RINGX) 
T] AX(TIPX) 


Notes: 1. Pin 1 is marked for orientation. 
2. TP is a thermal conduction pin tied to substrate (Qsat). 
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ORDERING INFORMATION 
Standard Products 


AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM79HM53 -1 


TEMPERATURE RANGE 
C*= Commercial (0°C to 70°C) 


PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P= 28-pin Plastic DIP (PD 028) 

D= 28-pin Ceramic DIP (CD 028) 


PERFORMANCE GRADE 


Blank = Standard Specification 
—1 = Performance Grading 
-2 = Performance Grading 


DEVICE NAME/DESCRIPTION 


Am79HM53 
Subscriber Line Interface Circuit 


Valid Combinations Valid Combinations 


" DC. Jc. PC Valid Combinations list configurations planned to 

aed be supported in volume for this device. Consult 

the local AMD sales office to confirm availability of 

AM79HME53 —1DE, -14C, —1PC specific valid combinations, to check on newly 
_9DC. -2JC. -2PC released combinations, and to obtain additional 


data on AMD’s standard military grade products. 





*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications. 
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PIN DESCRIPTION 


AGND/DGND 
Ground 


Analog and Digital ground. 

AX (TIPX) 

(Output) 

Output of A(TIP) power amplifier. 
BGND 

Ground 

Battery (power) ground. 


BX (RINGX) 
(Output) 
Output of B(RING) power amplifier. 


C3-C1 
Decoder (Inputs) 


TTL compatible. C3 is MSB and C1 is LSB. 


C4 
Test Relay Driver Command (Input) 


TTL compatible. A logic Low enables the driver. 


CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (Nominal). 


CHS 

Chopper Stabilization (Input) 
Connection for external chopper stabilizing 
components. 


DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 


ADVANCE 


DET 

Switch Hook Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-C1, EO, E1). The output is open-collector 
with a built-in, pull-up resistor. 
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EO 
Read Enable (Input) 


A logic High enables DET. A logic Low disables DET. 


E1 
Ground-Key Enable (Input) 


When E0 is High, E1 = High connects the ground-key 
detector to DET, and E1 = Low connects the off-hook or 
ring trip detector to DET. 


HPA 
A(TIP) side of high-pass filter capacitor. 


HPB 
B(RING) side of high-pass filter capacitor. 


L 

Switching Regulator Power Transistor (Output) 
Connection point for filter inductor and anode of catch 
diode. This pin will have up to 70 V of pulse waveform 
and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 


Qaar 
Quiet Battery 


Filtered battery supply for the signal processing circuits. 


Ro 


Threshold modification and filter point for the off-hook 
detector. 


Roc 


Connection point for the DC feed current programming 
network. The other end of the network connects to 
the receiver summing node (RSN). The sign of Vee 
is minus for normal polarity and plus for reverse polarity. 


RINGOUT 
Ring Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed current all connect to this node. 
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TESTOUT 
Test Relay Driver (Output) 


Open collector driver with emitter internally connected 
to BGND. 


Voeat 

Battery supply. 

Vee 

+5-V power supply. 
Vee 

-5-V power supply. 


Vrea 
Regulated Voltage (Input) 
Provides negative power supply for power amplifiers. It 


also provides a connection point for inductor, filter 
capacitor, and chopper stabilization. 


INFORMATION 


AMD cl 


Vix 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 


wire input impedance programming network connects 
here. 


Cas 
Reference Filter Capacitor 


A capacitor should be connected between this pin and 
AGND to filter internal reference voltages. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... —55°C to +150°C 


Vee with respect to AGND/DGND .. -—0.4Vto+7.0V 
Vee with respect to AGND/DGND .. +0.4V to-7.0V 
Vear With respect to AGND/DGND ... +0.4 V to-70 V 


Note: Rise time of Vaart (dv/dt) must be limited to 27 V/us or 
less when Qaart bypass = 0.33 pF. 


BGND with respect to 
AGND/DGND ............... +1.0 V to-3.0V 
AX(TIPX) or BX(RINGX) to BGND: 
Continuous .<.osi4 secu nce es -70 V to +1.0V 
10 ms (F=0.1 Hz) ............ -70 Vto +5.0 V 
Tus (F=0.1 Hz) ........5..0.5 -90 Vto+10V 
250 ns (F=0.1Hz) .......... -120 Vto+15 V 
Current from AX(TIP) or BX(RING) ....... +150 mA 


Voltage on RINGOUT .... BGND to 70 V above Qaar 
Voltage on TESTOUT .... BGND to 70 V above Qasr 


Current through Relay Drivers ............ 60 mA 
Voltage on Ring Trip Inputs 

(DAVANG: DB ett cccs etree ish is nae Vear to OV 
Current into Ring Trip Inputs ............. +10 mA 
Peak Current into Regulator 

Switch (L: PIN) 6 sac edt eae eas ee 150 mA 
Switcher Transient Peak Off 

Voltage onLpin.................008- +1.0V 
C4-C1, E0, E1, CHCLK to 

AGND/DGND ........... —0.4 V to Vec + 0.4 V 
Maximum Power Dissipation, Ta (see note) ... 70°C 

In 28-pin ceramic DIP package ......... 2.58 W 

In 28-pin plastic DIP package ........... 14W 

In 32-pin PLCC package .............. 1.74 W 


Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 
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OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature ............. 0°C to +70°C 
Wee: nection enews ales ewe eine 4.75 V to 5.25 V 
MBs Bite iie e ne Win oces a R  d tage —4.75 V to -5.25 V 
Visine 3 25k ek wiles ae desea ee leeceaes —54V to -63 V* 
AGND/DGND yoo wetig Ss: Meee ie eae keawtnd OV 
BGND with respect to 

AGND/DGND ........... -100 mV to +100 mV 


.. 10Kohm Min 


*Can be used without switching regulator components in this 
range of battery voltages provided maximum power dissipa- 
tion specifications are not exceeded. 


Load Resistance on Vix to Ground . . 


“2” performance grade SLICs are functional from —40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (—40°C to +85°C) 
specifications. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS (see Note 1) 


Preliminary 
Description Test Conditions Unit 
Analog (Ve) Outputimpedance [SCC 


ohm 
mV 


Analog (Vix) Output Offset Pea ce ae al 
Analog (RSN) Input Impedance 
Longitudinal Impedance at AX or BX ee 


ohm 
ohm 


| Min_| 
oes 
| =35 | 
a 
oe 
-3.2 


Transmission Performance, two-wire ee (see Test Circuit D) 












300 | 300Hzto500Hz sid to 500 Hz 


500 Hz to 2500 Hz 5,11 
2500 Hz to 3400 Hz 


Longitudinal Balance (Two-wire and Four-wire; see Test Circuit C) 


300 Hz to 3400 Hz ta 


Psoorzteaoone | 
Cameos Cer 
Piseble tte [5 [| we | 


Insertion Loss (see Test Circuits A and B) 


Two-wire to Four-wire Vas=0 dBm, 1 kHz | | 10.85 11.15 
Four-wire to Two-wire Vas=0 dBm, 1 kHz | | 05 {L015 | 


Insertion Loss vs Frequency (see Test Circuits A and B) 
Two-wire to Four-wire or 300 Hz to 3400 Hz 0.1 0.1 
Four-wire to Two-wire ; Relative to 1 kHz ise Pye 


Gain Tracking (see Test Circuits A and B) 


Two-Wire Return Loss 














Longitudinal to Metallic L-T, L-4 
(normalized to unify gain) 










Longitudinal Signal Generation 4—L 





| Typ 

=z 

fea 

ime aa 

aod 
Overload Level Ct +3.2 Vpk 
Zovnn= 600-900 ohms -11.4 +114 

eee 

ees a Fs 

fis col 

| 56 | 

| 25 | 


Longitudinal Current Capability 
per Wire 













Two-wire to Four-wire or +7 dBm to -55 dBm 0.1 0.1 
Four-wire to Two-wire Reference: 0 dBm ae My 


Balance Return Signal (Four-wire to Four-wire; see Test Circuit B) 








0 dBm, 1 kHz —10.85 =11.15 
300 Hz to 3400 Hz 

Relative to 1 kHz 

+3 dBm to —55 dBm 

Reference: 0 dBm 

fet kHz Bier.) eee 


Total Harmonic Distortion (Two-wire to Four-wire or Four-wire to Two-wire; see Test Circuits A and a. 


0 dBm, 

300 Hz to 3400 Hz 

0 dBm, a5 si|-. 
300 Hz to 3400 Hz 


Idle Channel Noise without Metering 


two-wire 


-87 


Gain Accuracy 












Variation with Frequency 








Gain Tracking 






Group Delay 







Without Metering 


With Metering 









Psophometric Weighted Noise 






Psophometric Idle Channel 
Noise with Metering 
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ELECTRICAL CHARACTERISTICS (continued) 


Description Pea ia ae eee 


Single Frequency Out-Of-Band Noise (see Test Circuit E) 


Pawtzioswe [488] | 78] 
Cy ae eS na 
[256 kHz and Harmonies | 45 [| = |_| 
PikHztoiskHz = «| 45.8] {| -7o | 
Above 1skHz [asf | 5 |_| 
[256 kHz and Harmonies | 45 [| 7 |_| 


DC Feed Characteristics with 2x50 ohm Fuse Resistors (see Figures 1a, 1b, and 1c); Battery=~—60 V 


Active Mode 

Loop Current Accuracy Pe Sonne) Sans oe Ss ee Ys 
R= 1800 ohms 
he -54V 


ee 
a 
PRcoohms | {| +. 0 









Metallic dBm 


Longitudinal dBm 



















Loop Current 


Disable Mode 
Tip Open Mode 
Disconnect Mode 














Power Dissipation 
On-Hook Open Circuit Mode 


























On-Hook Disable Mode St Ea 

On-Hook Active Mode i} ft 

Off-Hook Disable Mode = a 

Off-Hook Active Mode = FT t000 

Supply Currents 
| Open CircuitMode | | CT 

Veo On-Hook Supply Current | DisableMode | CT CT tm 
Active Mode ——*| |__| 75 | 2 _| 
Geen Stout Mode __{ _{ _}_19_| 

Vee On-Hook Supply Current 

el ee eae 






ee ee 
eo [cee 
ro | 2s | 
| a7 | 40 | 
| 20 | 4 | | 

| Grspintoground | 8 | es | 170 | 285 | Kohm 
Off-Hook Detector 


Current Threshold Accuracy Iber = 365/Ro (7.14 mA) | df 20 [20 







Effective Internal Resistance 
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ELECTRICAL CHARACTERISTICS (continued) 


Description Pee te ee ee Unit 


Ground-Key Detector Thresholds (see Test Circuit F); Active Mode; Battery=-60 V 


Ground-Key Resistance Threshold B(Ring) to ground ee ee ee ee 


B(Ring) to ground and 7 
Midpoint to ground 
Source Resistance 


Logic Inputs (C1, C2, C3, C4, E0, E1, and CHCLK) 
input High Voltage 















Ground-Key Current Threshold 





Ring Trip Detector Input 
Bias Current 







Offset Voltage 


Input Low Voltage 
Input High Current 
Input Low Current 







Logic Output (DET) 


Output Low Votags Perzoema +. |] 4 |v 
Output High Voltage Deweofmi | ee 


Notes: 

1. Unless otherwise noted, test conditions are: Battery = —-60-V battery applied to Vear pin through a surge protection diode, 
Vec= +5 V, Vee=—5 V, Ri = 600 ohms, Cup = 0.33 pF, Roct = Roce = 8.33K, Coc = 0.39 wF, Ra = 51.1K, no fuse resistors, two- 
wire AC output impedance programming impedance (Zr) = 33.84K resistive, receive input summing impedance (Zrx) = 59.9K 
resistive (see Table 2 for component formulas). 


2. Overload level is defined when THD = 1%. 


3. Balance return signal is the signal generated at Vix by Vax. This specification assumes the two-wire AC load impedance 
matches the impedance programmed by Zr. 


4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 


Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 
“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from 256-kHz switch regulator chopper are not included. 


Total harmonic distortion and noise with 16-kHz metering is specified with the two-wire output (AX, BX) loaded with the imped- 
ance shown below with a 5.1-V RMS metering signal across Zco and a transmit signal of +0 dBm or receive signal of 0 dBm 
(600 ohms). The transmit or receive signals are single-frequency inputs, and the distortion is measured as the anignest) in-band 
harmonic at the two-wire or the four-wire output relative to the input signal. 


115 nF 


O MNO 


509 220 2 820 Q 50 
Re Zoo Re 


10. Noise with metering is measured by applying a 5.1-V RMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 


11. Measured using the following Z; network: 16.92 K 16.92 K 
Vx. ————W-—_ Wr —— BSN 


_L_ 120 pF 


12. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only. 


13. Group delay can be considerably reduced by using a Zr network such as that shown in Note 11 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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RELAY DRIVER SPECIFICATIONS 


RINGOUT TESTOUT 
| | 
| | 
BGND BGND 
Description Test Conditions | Min | Typ | Max | Unit 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage | as-masink | Tt 


On Voltage | somasink | | TL. 
Off Leakage pVo=etsv | | ot | t0 





RELAY DRIVER CHARACTERISTICS (Typical) 


ON Voltage at Ringout or Testout (V) 





Current into RINGOUT or TESTOUT (mA) 
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Table 1. SLIC Decoding 









oO 


ET Output 
| State | c3_c2_c1_ | TwoWireStatus | EO = 1, E1=0 | EO=1*, E1=1 | 
po | oo | Opencircuit Ring Trip | Ring Trip | 
po Ot Ringng Ring Trip | Ring Trip 
poe | oo | Active hoop Det. Ground Key _| 
pos | ot Disable Loop Det. Ground Key _| 
pi 0 0 | TipOpen hoop Det | 

p10) 1 | Reseed hoop Det, | — 
| os | i 1 0 | Active Polarity Reversal | Loop Det.__ | Ground Key _| 


*A logic Low on EO disables the DET output into the open-collector state. 


SWITCHING CHARACTERISTICS 


pas E1 High to DET High Ground-Key Detect Mode 3.8 | 
9 E1 High to DET Low EO = 1 (see Test Circuit H) 1.1 = 
tchde E1 Low to DET Low Switch Hook Detect Mode 1.2 as 
E1 Low to DET High EO = 1 (see Test Circuit G) 3.8 

tshdd EO High to DET Low Switch Hook Detect Mode 1.1 

ree s 
tshd0 Eo Low to DET High E1 = 0 (see Test Circuit G) 3.8 Z 
tgkdd EO High to DET Low Switch Hook Detect Mode 11 

ean s 
tgkdO — EO Low to DET High E1 = 1 (see Test Circuit G) 3.8 e 






+ 


re 


SWITCHING WAVEFORMS 
E1 to DET 
E1 
DET 
tgkde tshde tgkde tshde 
15772A-012 
EO to DET 
E1 ee 2 / 
EO 
DET 
tshdd tshdo tgkdd tgkdo 
15772A-013 


Note: All delays measured at 1.4-V level. 
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Table 2. User-Programmable Components 


Zr is connected between the Vrx and RSN pins. The fuse resistors 

are Rr and Z2wn is the desired two-wire AC input impedance. When com- 
puting Zr, the internal current amplifier pole and any external stray 
capacitance between Vix and RSN must be taken into account. 


Zr = 56.4 (Zoww— 2Rr) 





7 7 Za, 200 Zr Zax is connected from Vax to the RSN pin, Z; is defined above, and G42L 
~ "Gael . Zy+56.4 (Z. + 2Rr) is the desired receive gain. 


Roct + Roc = 10(Rreeo ~ 2Rr) Roc1, Rocz, and Coc form the network connected to the Roc pin. Roc: and 


Coc = (1.5 ms) Roos + Roce Roce are approximately equal. 
Roc1 Roce 
Ro and Cop form the network connected from Rp to —5 V, and lr is the 


Ap Rel Coat otis rs threshold current between on-hook and off-hook. 


Vue K1 (@) Zi+Zr Zu is connected from Vua (metering source) to the RSN pin, Vuew is the 
Zu = Vuow Zr 0.282-K1 (w) (2Rr + Zi) desired magnitude of the metering signal at the two-wire output, and 


K1 (w) is defined below. 


200 


KO) 3S So ee ee 
(0) 1+jm(11.5-10°+CX/2) (36+ Z.+ 2RF) 


CX= The values of the identical capacitors from AX and BX to ground; m= 27 x metering frequency 


Cas is the regulator filter capacitor and fc is the desired filter cut-off 


i 5 
Cas= 1/10°nfe frequency. 


FEED CHARACTERISTICS (typical) 
Roc1 + Roce = Roc = 16.67K (see Figure 1c); Rra=Rres=50 ohms 


50 








\ 
\ | Battery = —60 V 


aeN Pe ia 

ie a is SS DD 

| Battey=-sav PSB] fT | | 
on ee ER 

A De He (Pe Me ee 

Pe ene ea Cee ae aD ef i (De a 

0 0 


IL (mA) Ri (Q) 
Figure 1a. Vas vs IL Figure 1b. I. vs Ri 


Vag (V) 










Current programmed by Roe: and Rocz. 


Figure 1c. Feed Programming 
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TEST CIRCUITS 











RSN 






BX 
(RINGX) 





BX 
RINGX) RSN 






ILa2 = 20 log (Vas / Vax) 


ILo4 = —20 log (Vix / Vas) BRS = 20 log (Vix / Vex) 
= x / Vex 


‘A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal 









Zp 
1/wC << Ri 
S$ 
. C 
= 
é: Rr Vs @ 
E 
= $2 Rrx 
BX RSN 
(RINGX) Vax (RINGX) 





S2 Open, $1 Closed: 
L-T Long. Bal. = 20 log (Vas/E) 
L-T Long. Rej. = 20 log (Vrx/E) Zp: The desired impedance (e.g., the character- 


istic impedance of the line). 
$2 Closed, S1 Open: 


4-L Long. Sig. Gen. = 20 log (Vi/ Vax) Return Loss = 20 log (2Vm/Vs) 


C. Longitudinal Balance (IEEE) D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 





AX(TIPX) 












68 ohms 


BX(RINGX) 
1/wC << 90 ohms 


E. Single-Frequency Noise 


Vee 
6.2K 


Ri = 600 ohms 


B(RING) 


G. Loop Detector Switching 


INFORMATION 


Ri 
A(TIP) 


Su Re 
B(RING) 
Re 
Se | 


Current Feed or Ground Key 


F. Ground-Key Detection 


A 


15 pF 


Re = 2K 


H. Ground-Key Switching =: 15772A-017b 
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METERING SLIC PRODUCTS 
Application Notes 


The AMD Metering SLIC Family offers a high degree of 
versatility for applications in many types of line circuits. 
Inthis section, typical single-channel and multiple-chan- 
nel applications are described. 


Figure 1 shows a detailed schematic of a basic single- 
line system using one Am79M5XxX series SLIC and one 
Am7901 or Am7905 SLAC IC or one-half of an 
Am79C02 DSLAC IC. The dashed connection lines in 
the schematic show the wiring of the various relay, DET 
enabling, and ground-key options available. The TES- 
TOUT, C4, EO, or E1 pins may or may not be present, 
depending on the version used. 


In the receive path, the SLAC IC processes digital PCM 
voice data into analog signals and inputs them to the 
SLIC RSN pin through resistor Rex. In the transmit 
path, the analog output at the SLIC Vix pin is processed 
by the SLAC IC and output in serial-digital format to 
the PCM interface. Rex sets the receive gain, and R; is 
used to synthesize the AC two-wire output impedance. 
Both Rr and Rex can be complex, to achieve optimized 
parameters over the voice band. 


The Metering Filter block represents an external 12- or 
16-kHz low pass or notch filter to reduce the metering 
level in the transmit path, before it can overload the 
SLAC IC input. A suggested metering filter circuit, 
shown in Figure 2 is a notch filter centered at 12 or 16 
kHz. This filter has enough attenuation at the metering 
frequency and does not require an additional cancella- 
tion circuit. 


In the control path, when the line goes off-hook, the 
SLIC pulls its collector DET output down and enables 
the SLAC IC serial control data I/O pins, Dw and Dour 
(see Figure 1). The microprocessor also recognizes the 
off-hook, and typically will send a response such as 
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power up or ring relay disable back to the SLIC, via the 
SLAC IC Dw pin and the C3-C1 data bus. The C4 line is 
addressed inthe same manner, to enable or disable the 
test relay driver. The Eo and E1 pins are addressed 
directly by the microprocessor as shown. 


SLIC monitor and control functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 1 include: 


e During the disable state, inform the processor when 
an off-hook has occurred and send a power up 
command to the SLIC. 


e Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 


e Detect an on-hook condition during the power up and 
send a command to the SLIC to enter the disable 
state. 


e Send a line polarity reverse command to the SLIC. 


e Command the SLIC into the ground-key sense mode 
in versions with a ground-key sense enable pin, E1. 


e Command the SLIC to energize the ring relay, KD. 


e Command the SLIC to energize the test relay in 
versions with a test relay driver. 


A block diagram describing a typical eight-line system is 
shown in Figure 4. In this application, the processor, 
through the linecard controller, writes or reads control 
data via pins Din and Dour by first pulling all of the SLIC 
EO pins Low, which places all SLIC DET outputs in the 
open state. The microprocessor then takes control of 
the DET/CS bus and enables the desired SLAC IC 
control I/O for reading and writing. In this manner, the 
microprocessor can control and monitor any one of 
the eight-line circuits independently. 
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Rai +5V 
Ringing i High Voltage —_}|— Low Voltage -5V 
Source 
- Vee Vee1 0 
Cen ie a et 
Ra cn as 
Caf Am79HM53 oe 
DB SLIC v 
Pe | Metering 
AX 
A(TIP) (TIPX) 
i HPA 
| HPB 
Rea U2 
B(RING) BX 1/2 Am79C02 
Cc DSLAC Device 
Kn Da ay = | (RING) ircuit , 
q see Figure 3 
7 a Sani 
ax 
eg TESTOUT 
4 
‘Ds 
Cen —_—_ 
L Caart [\ PCM 
— Be ae Vv Interface 
attery 
7 als ee 
De 
Ru Co Cas 
Cons > 
ss ay Microprocessor 
Battery Interface 
Ground 
Analog 
Ground 
Digital 
Ground 


Figure 1. Single Channel of a Dual Channel Metering Subscriber Line Circuit 
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Figure 2. 16-kHz Metering Notch Filter 


M1 Ran 


RSN VMG 12/16 kHz, 1 VRMS 


VMG Enable 0 





Figure 3. Metering Injection Circuit 
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Am7301A/B 
Am7905A 
SLAC IC 1* 


SLIC 











Subscriber A(TIP) 
Line 1 B(RING) 
SLIC | 
Subscriber A(TIP) Vix = . 
Line 8 
B(RING) Vex zz Hl 
Am7901A/B i ; 
Am7905A 
SLAC IC 8* 
}—- 





/O Ports 


Link to Higher- 2 Line Card 
Level Processor Controller 


*1/2 of an Am79C02 DSLAC IC per line can be used. 
Note: Am7905A combines Din and Dour into a single pin called Dio. 


11701B-026 


Figure 4. AMD Subscriber Line System Eight-Channel Line Card 
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Table 1. Parts List — 1/2 of a Dual Channel Metering Subscriber Line System 


U1 

U2 

Kr, Kr 

L 

D; 

Us 

De, Dz, Ds 

RF:, RF2 (Am79HM53) 
RF, RF2 (Am79M53X/57X) 
Ri, Re 

RB:, RBz 

Ra, Ra 

Rex 

Ro 

Rr (Am79M53X/57X) 
Rr (Am79HM53) 

Rrax (Am79M53X/57X) 
Rrx (Am79HM53) 

Roc, Roce (Am79M53xX) 
Roc1, Roce (Am79M57X) 
Roci, Roce (Am79HM53) 
Cari, Crrz : 


Coc (Am79M53X/M57X) 
Coc (Am79HM53) 

Cup 

Cas 

Cax, Cex (Am79M53X/57X) 
Cax, Cax (Am79HM53) 

Ceri 

Caat 

Ca 

Cont 


Cone 


Cop 


(See Figure 1 for Circuit) 


Am79MXXX or Am79HM53 SLIC 

Am79C02 DSLAC Device 

Relay, 60-V coil, 2C contacts, 1500-V rating 

Inductor, 1 mH, 5% 

Diode, 100 V, 100 mA, 4ns 

Dual transient suppressor, Texas Instruments TISP1082A 
Diode 100 V, 100 mA, 10 ns 

Resistor, fuse, 50 ohms 

Resistor, fuse, 20 ohms 

Resistor, 400 ohms, 3%, 3 W (Ring Feed resistors)* 
Resistor, 249K, 1%, 1/4 W 

Resistor, 205K, 1%, 1/2 W 

Resistor, 1.3K, 1%, 1/4 W 

Resistor, 51.1K, 1%, 1/4 W (sets off-hook threshold)” 
Resistor, 286K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 30.1K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 560K, 1%, 1/4 W (sets receive gain)* 
Resistor, 140K, 1%, 1/4 W (sets receive gain)* 
Resistor, 31.25K, 1%, 1/4 W (sets 40 mA loop current)* 
Resistor, 20K, 1%, 1/4 W (sets 40 mA loop current)* 
Resistor, 8.33K, 1%, 1/4 W (sets 30 mA loop current)* 
Capacitor, 0.43 uF, 20%, 100 V (replace Cari and Carz by a single 
0.43 F capacitor for balanced ringing) 

Capacitor 0.1 uF, 20%, 10 V 

Capacitor 0.39 uF, 20%, 10 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.47 uF, 20%, 100 V 

Capacitor, 2.2 pF, 20%, 100 V 

Capacitor, 39 nF, 10%, 100 V 

Capacitor, 0.47 nF, 10%, 100 V, Metallized Polyester 
Capacitor, 0.47 uF, 20%, 100 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.015 nF, 10%, 50 V, X7R ceramic 
Capacitor, 560 pF, 10%, 100 V, X7R ceramic 
Capacitor, 0.01 uF, 20%, 10 V (sets off-hook filtering)* 


Note:The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application. 
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Table 2. Parts List for Am79M53X/Am79M57X Metering Notch Filter 










FNOTCH 

















Rurs Resistor 1%, 1/4 W* 
Rurs Resistor 1%, 1/4 W* 
Rues Resistor 1%, 1/4 W* 
Rare Resistor 1%, 1/4 W* 
Rur7 Resistor 1%, 1/4 W* 
Rurs Resistor 1%, 1/4 W* 
Cure Capacitor 5%, 10 V* 

Cura Capacitor 5%, 10 V* 








Table 3. Parts List for 16 kHz Metering Notch Filter for Am79HM53 


U5 

Rus 

Rura 

Rees 

~ Rees 

Ruz 

Rura 

Cure, Cars 


Rui (5.1 V metering) 
Rais (2.2 V metering) 
Ruiz 

Raia 

Raia 

Cut 

Cuz (16 kHz metering) 
Cuiz2 (12 KHZ metering) 
M1 

Duis 


(See Figure 2 for Circuit) 


Operational amplifier, uA 741 or equivalent 
Resistor, 7.32K, 1%, 1/4 W* 

Resistor, 8.91K, 1%, 1/4 W* 

Resistor, 22.0K, 1%, 1/4 W* 

Resistor, 22.1K, 1%, 1/4 W* 

Resistor, 35.1K, 1%, 1/4 W* 

Resistor, 8.8K, 1%, 1/4 W* 

Capacitor, 1 nf, 5%, COG, 10 V* 


Table 4. Parts List for Metering Injection Circuit 
(See Figure 3 for Circuit) 


Resistor, 3.62K, 1%, 1/4 W* 

Resistor, 8.33K, 1%, 1/4 W* 

Resistor, 200K, 1%, 1/4 W* 

Resistor, 300K, 1%, 1/4 W* 

Resistor, 300 Q, 1%, 1/4 W* 

Capacitor, 220 nF, 10%, 10 V* 

Capacitor, 39 nF, 10%, 10 V* 

Capacitor, 51 nF, 10%, 10 V* 

N Channel MOS transistor, 3N169 or equivalent 
Diode, 100 V, 100 mA, 10 ns 


Note: The parts marked by an asterisk (*) are user programmable. The values shown can be altered to suit the application. 
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SLIC Extended Temperature 
and Packaging Considerations 


P| AMD 
SLIC Extended Temperature Supplement 


AMD's SLIC products have been characterized over 
the —40° to +85°C. extended temperature range to 
establish their suitability for applications such as Re- 
mote Concentrators, Digital Loop Carriers, Fiber-In- 
The-Loop and other applications that may be subjected 
to temperature extremes. The —2 performance grade 
SLICs were found to be fully functional over this ex- 
tended temperature range and are recommended for 
such applications. 


Characterization has indicated that a few specifications 
of the SLICs tested for operation between 0° and 70°C. 
may vary beyond data sheet limits. This document iden- 
tifies those specifications and their expected limits in the 


temperature ranges beyond 0°C to 70°C. It also ad- 
dresses other issues associated with extended tem- 
perature operation such as recommended conditions 
for use of SLICs packaged in plastic and system design 
guidelines. 


Note that the specifications in this supplement have 
been determined through characterization to apply to 
AMD's standard commercial grade product. If specifica- 
tions over the —40° to +85°C range or another extended 
temperature range must be guaranteed, and tested at 
the temperature extremes, the customer is asked to 
contact an AMD representative for more information. 


SLIC Family Extended Temperature Information 








SLIC Electrical 
Characteristics 





Analog (Vrx) Output Offset 


Test Conditions 






Commerical Extended 
Specification | Specification 
0°C to +70°C | —40°C to +85°C 


Unit 








Longitudinal Balance (Two-wire and Four-wire, see Test Circuit C) 
Longitudinal to Metallic L-T, 


L-4, RL=740 ohm 


Normal Polarit : 63 min 58 min 





Insertion Loss (Two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 










Gain Accuracy 






Variation with frequency 
Gain Tracking 


0 dBm, 1 kHz +/-0.15 
300 to 3400 Hz relative to 1 kHz +/— 0.15 
+7 dBm to -55 dBm reference: 0 dBm +/-0.15 






Balance Return Signal (Four-wire to Four-wire, see Test Circuit B) 


Gain Accuracy 
Variation with frequency 
Gain Tracking 


0 dBm, 1 kHz +/- 0.15 
300 to 3400 Hz relative to 1 kHz +/- 0.15 





SLIC Switching Characteristics 






E1 High to DET High 
E1 High to DET Low 


E1 Low to DET Low 
E1 Low to DET High 
Eo Low to DET Low 
EO Low to DET High 











tgkde 





Commerical Extended 
Specification | Specification 
Parameter Test Conditions 0°C to +70°C |—40°C to +85°C | Unit 


Ground-Key Detect Mode 
E0 = 1 (see Test Circuit G) 


Switch Hook Detect Mode 
EO = 1 (see Test Circuit H) 


Switch Hook Detect Mode 
= 0 (see Test Circuit H) 


E1 
Eo Low to DET Low Switch Hook Detect Mode 1.1 Max 1.6 Max 
EO Low to DET High E1 = 1 (see Test Circuit H) 3.8 Max 4.0 Max 


+7 dBm to —55 dBm reference: 0 dBm +/-0.15 





3.8 Max 4.0 Max 

s 
1.1 Max 1.6 Max B 
1.2 Max 1.7 Max 
3.8 Max 4.0 Max 
1.1 Max 1.6 Max 
3.8 Max 4.0 Max 


Note: The above specifications apply to the —-2 SLIC performance grade for all AMD SLIC types. 
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SLIC Packaging Considerations 


Due to the effect of temperature on semiconductor reli- 
ability and the high voltage nature of the SLIC’s function, 
power dissipation levels, package types, and the tem- 
perature of the die resulting from those two factors 
should be considered when designing with the SLIC. 
Thermal shutdown circuitry is incorporated into the SLIC 
that will suspend the chip’s operation at a junction tem- 
perature of ~165°C. Operation for short periods at a 
junction temperature of up to 145°C should not be a 
problem. However, over extended periods, the SLIC’s 
die temperature should be kept under 130°C. 


Since thermal resistance characteristics of different 
package types vary, some packages may be inappropri- 
ate for a particular application depending upon the am- 
bient temperature range required and the power dissi- 
pated by the SLIC. The following analysis is provided to 
help identify appropriate packages for use based upon 
the maximum power dissipation expected in both com- 
mercial and extended temperature applications. 


The table below is based upon a maximum allowable 
junction temperature of 145°C. 145°C is used as the 
design guideline in this analysis rather than 130°C be- 
cause the worst case power dissipation is determined 
under short circuit current conditions which are ex- 
pected to be temporary. Normal operation of a SLIC 
circuit will include a load of at least several hundred 
ohms which will substantially reduce the SLIC’s power 
dissipation compared to worst case. If the above recom- 
mendations are followed, the SLIC’s junction tempera- 
ture under normal operating conditions should be below 
130°C. 


The letters following the power dissipation numbers on 
the chart refer to the graphs on the following pages. The 
horizontal lines on the graph for a particular SLIC refer 
to the maximum power dissipation recommended for 
the packages offered as shown above. The curves indi- 
cates the maximum SLIC power dissipation expected 
for different values of RDC. After RDC is selected for 
your application, the charts should allow you to easily 
determine which package types are acceptable. 


The worst case power dissipation of a current feed SLIC 
may be determined by the short circuit current limit set 
by the value of RDC. The charts indicate the worst case 
power dissipation expected for AMD’s current feed 


Package Type Theta J/A 
28-Pin Plastic DIP 53° C/W 
32-Pin PLCC 43° C/W 
28-Pin Ceramic DIP 29° C/W 
22-Pin Plastic DIP 60° C/W est 
22-Pin Ceramic DIP 50° C/W est 


SLIC Products 


Maximum SLIC 
power Dissipation for 
+85°C ambient 
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SLICs relative to the value chosen for RDC, assuming 
two fuse resistors between 0 ohm and 100 ohm 
(2 x 50 ohm) and a TIP to RING short circuit. The lower 
curve in each chart represents the power dissipation 
with 50 ohm fuse resistors and the upper curve with 
0 ohm fuse resistors. Also shown on the charts are the 
recommended maximum power dissipation levels for 
various packages. Plastic packaging should be appro- 
priate for most current feed SLICs even over the ex- | 
tended temperature range since the short circuit current 
limit is typically set for 30 mA or less. 


In the special case of the Am7943 SLIC due to its power 
management circuitry, worst case power dissipation 
occurs with a TIP to RING short circuit only when the ex- 
ternal power management resistor is not used. When 
the recommended resistor is used (1700 ohm), the con- 
ditions for worst case power dissipation will vary de- 
pending on the value of the loop resistance as well as 
RDC. Power dissipation curves for the Am7943 are 
shown versus RDC for several different values of loop 
resistance. 


The worst case power dissipation of a voltage feed SLIC 
may also be determined by the value of RDC, in this 
case the programmed feed resistance, making the 
same fuse resistor assumptions as above and a TIP to 
RING short circuit. The charts below indicate this worst 
case power dissipation relative to the value chosen for 
RDC for the three different types of voltage feed SLICs: 
the Am7957X Family, the Am79M57X Family, and the 
Am7958. 


For example, the Am7958 is designed to meet all 
LSSGR requirements for North American Central Office 
applications, including a long loop battery feed require- 
ment of 20 mA into 1900 ohm. 


In order to accomplish this in a typical application, 
assuming 50 ohm fuse resistors, RDC would be set at 
~4Kohm. The Am7958 power dissipation chart indicates 
that an RDC of 4 Kohm implies a maximum power dissi- 
pation of 1.13 W. Since 1.13 W is at the line indicating 
that plastic DIP is acceptable for the commercial tem- 
perature range but above the line for extended tempera- 
ture, plastic DIP should be an acceptable package for 
commercial range applications but ceramic DIP would 
be recommended for extended temperature. 


Maximum SLIC 
power dissipation for 
+70°C ambient 


1.13 W (A) 1.4 W (B) 
1.4 W (B) 1.74 W (F) 
2.07 W (C) 2.58 W (G) 
1 W(D) 1.25 W (H) 
1.2 W (E) 1.5 W (I) 
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Key for Charts 


Maximum Power Dissipation 


Symbol on Chart 


A 
B 


-ronmnmoando 


Package Type 


28-Pin Plastic DIP 


32-Pin PLCC 
28-Pin Plastic DIP 


28-Pin Ceramic DIP 
22-Pin Plastic DIP 
22-Pin Ceramic DIP 
32-Pin PLCC 
28-Pin Ceramic DIP 
22-Pin Plastic DIP 
22-Pin Ceramic DIP 


Temp Range 
Extended 


Extended 
Commerical 


Extended 
Extended 
Extended 
Commercial 
Commercial 
Commercial 
Commercial 


Note: The worst case power dissipation analysis does not apply to fault conditions where TIP and RING are shorted to Battery 


or Ground. 
Am7942 
3.0 
G (2.58W) 
C (2.07W) 
Maximum | 
shOWET F (1.74W) 
Dissipation 
(Watts) | 
B (1.40W) 
A (1.13W) 
0.5 
1-170 SLIC Extended Temperature and Packaging Considerations 





AMD al 


Am7943 


F (1.74W) 
| 
1 (1.5W 
B (1.4W) 
H (1.25W) 
ance E (1.2) 
Power 
Dissipation 


(Watts) 


RL = 1KQ 

RL = 7500 
RL = 5000 
RL = 2500 


RL = 0 





G (2.58W) 


C (2.07W) 
Maximum 
Power 
Dissipation F (1.74W) 
(Watts) | 
0.5 
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Am7957 


G (2.58W) 


C (2.07W) 

Maximum : | | 
Power 

Dissipation oe F (1.74W) 

(Watts) | | 


B (1.40W) 





3.0 


G (2.58W) 


C (2.07W) 
Maximum | 
Power 
Dissipation F (1.74W) 
(Watts) | 
B (1.40W) 
A (1.13W) 
0.5 
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Maximum 
Power 
Dissipation 
(Watts) 


Maximum 
Power 
Dissipation 
(Watts) 


Am79M53 


Am79M57 


G (2.58W) 


C (2.07W) 


F (1.74W) 


B (1.40W) 


| 
A (1.13W) 





G (2.58W) 


C (2.07W) 


F (1.74W) 


B (1.40W) 


| 
A (1.13W) 
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_ INTRODUCTION TO SLAC/DSLAC PRODUCTS 


AMD's Subscriber Line Audio-Processing Circuit (SLAC device) products are a family of programmable codec/filter 
ICs. They handle the analog-to-digital conversion, filtering, compression, digital-to-analog conversion, and expansion 
functions required to interface the analog voice signal from a telephone to the digital “PCM Highway.” In addition, the 
SLAC Family devices incorporate a number of programmable digital filters that allow a linecard’s analog characteris- 
tics to be adapted through software to address virtually any set of line conditions. This gives the linecard designer the 
flexibility to create a single hardware design that can satisfy the requirements of multiple markets, or multiple require- 
ments within a market. This, in turn, streamlines manufacturing, helps control inventory and administrative costs, and 
reduces the time required to address new markets. 


The SLAC Family consists of two product types, the SLAC devices and the Dual SLAC (DSLAC) devices. The NMOS 
Am7901 and Am7905 SLAC ICs support a single transmit and receive channel on a linecard, while the CMOS 
Am79C02, Am79C03, and Am79C04 DSLAC ICs are newer dual-channel devices. 


The entire family complies with the most stringent telecommunication standards, such as those set by the CCITT, 
Bellcore, and British Telecom. ; 


The SLAC Family’s programmability resides in digital filters based on Digital Signal Processing (DSP) technology. The 
digital nature of the filters results in high reliability, no drift in filter response over time or temperature, and superior 
transmission performance. The following filters are provided for each channel supported by the SLAC or DSLAC 
devices. 


e The Zand B filters configure feedback paths to accurately cancel the two-wire and four-wire echoes respec- 
tively. This permits optimal two-wire impedance matching and trans-hybrid balance to be achieved. 


e The GX and GR filters allow for programmable gain and loss in the transmit and receive paths. 


e The X and R filters provide for attenuation distortion correction, or may be used for line equalization. 


The DSLAC device features adaptive trans-hybrid balance in addition to the functions provided by the SLAC device. 
This function automatically optimizes the four-wire return loss of the linecard by adapting to actual conditions in the 
field. A more detailed explanation of adaptive balance follows this section. 


On the network side, most of the SLAC Family devices interface directly with the PCM highway and have programma- 
ble time slot assignments, eliminating the need for a special interface chip. The Am79C04 DSLAC features the IOM 2 
interface which multiplexes control and PCM data over a single serial bus. This interface minimizes the amount of 
busing required on the linecard and is also used by many ISDN linecard devices. 


Severaltest modes are provided by the SLAC Family to support linecard diagnostics including analog loopback, digital 
loopback, cut-off receive path, and high-pass disable. 


Adaptive Balance 


The fundamental problem addressed by the echo control in telephone subscriber linecards is a mismatch in the imped- 
ance characteristics of the two-wire loop and the balancing network. Because of this mismatch, some energy from the 
receive signal is returned to the transmitted signal and becomes an undesirable echo. Conventional echo removal 
uses an echo cancellation circuit in the transmit path with the balancing network fixed to a compromise network (repre- 
senting the average impedance characteristics of a nation’s subscriber local loops). 


Instead of an echo cancellation circuit, the AMD DSLAC device uses an advanced adaptive filtering technology to 
remove the echo energy from the transmitted signal. The DSLAC device adaptive B filter is used to cancel the near- 
end echo produced at the four-to-two wire hybrid junction via coefficients found dynamically. The adaptive filter per- 
forms an estimate of the echo path impulse response and creates the echo replica, which is then subtracted so echo 
control is attainable. Thus, the echo cancellation is maintained under various and/or changing local loop conditions. 
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By turning on the adaptation for approximately one second and then turning it off, an adapt and freeze on the B filter is 
implemented. This operation develops the B-filter coefficients needed to optimize trans-hybrid balance. Adapt and 
freeze mode is intended for use in applications such as voice mail systems or PBX, where the loop condition and sub- 
scriber terminal equipment are not changed very often. It can also be used in central office applications on a per line 
basis during the installation/maintenance phase or on a per call basis if a training signal at the beginning of a call is 
considered acceptable. 


The other type of adaptive balance incorporates both adapt and freeze and dynamic adaptive balance that continu- 
ously adjusts for changes in subscriber line conditions due to such factors as temperature variation, stress, or 
aging. Continuous adaptation mode is intended for applications where local loop conditions and customer premise 
equipment are changed frequently and a highly balanced echo return loss needs to be maintained. In this mode, the 
adaptive B filter will be turned on from the beginning of a call and will stay on until the call ends. 
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Am7901B/C 


Subscriber Line Audio-Processing Circuit (SLAC) 


WORLD-CHIP 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


Combination CODEC and Filter 

No trimming or adjustments required 

Uses digital signal processing 

Six user-programmable digital filters 

Dynamic Time Slot assignment 

Only two external components (non-precision) 
Dual PCM ports 


GENERAL DESCRIPTION 

The Subscriber Line Audio-Processing Circuit (SLAC™) 
performs the codec and filtering functions necessary in 
digital voice switching machines. In this application, the 
SLAC processes voiceband analog signals into Pulse- 
Code Modulated (PCM) outputs and processes PCM in- 
puts into analog outputs. The SLAC’s performance is 
compatible with applicable AT&T® and CCITT specifi- 
cations. The device consists of three main sections: 
transmit processor, receive processor, and control 
logic. 


BLOCK DIAGRAM 
CAP: CAP2 
O O 


Vi IN 


Pre- 
U Filter A/D —> 


Transmit Signal 


Processor 


MCLK O 
GSO Control, 
Timing and 
Dw O Interface 
DCLK O 
Dour O 


Receive Signal 


° DIA KK 


Processor 


Publication #:01520 Rev.E Amendment /0 
issue Date: August 1990 











m 4,096-MHz, 64-channel expanded mode 
operation 


Built-in test modes 
Microprocessor-compatible Serial Interface 
Control interface to SLIC 


Low standby power 


Selectable A-law, p1-law (Am7901B) or linear, 
A-law (Am7901C) 


The transmit section contains an anti-aliasing filter, an 
interpolative A/D converter, and a digital signal pro- 
cessor. The analog signals received are converted and 
digitally processed to generate either 8-bit y-law or A- 
law codes (Am7901B) or 16-bit linear or 8-bit A-law 
(Am7901C). Either one of two output ports may be 
selected for PCM data transmission. — 


CLKX FSX 
e e 
O TSCA 
Digital Output O TSCB 
Compressor Register O DXA 
QO DXB 
O Ci (e} +5V 
O C2 O-5V 
O Cs O Analog Ground 
O Ca, O Digital Ground 
O Cs 
O DRA 
Digital Input 
Expander Register 0 DRB 
O FSR 
O CLKR 01520-1 
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GENERAL DESCRIPTION (continued) 

The receive section contains a digital signal pro- 
cessor and a D/A converter. Either 8 bit p-law or A-law 
codes (Am7901B) or 16-bit linear or 8-bit A-law codes 
(Am7901C) are received, processed and converted to 
analog signals. Either one of two input ports may be se- 
lected for reception of PCM data. 


CONNECTION DIAGRAM 
Top View 


DIPs 


DRB 





Note: Pin 1 is marked for orientation. 


The control I/O provides a microprocessor-compatible 
serial interface and allows the user bi-directional access 
to many programmable features and the capability to 
completely contro! the operation of the device via a 
comprehensive set of commands. 
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LOGIC SYMBOL 


DIPs 


CAP2 
Vin 
AGND 


Vout 
DGND 


Cs 
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19 
2 
16 


18 


20 
17 
21 
15 
14 
24 


25 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
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b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM7901B/C D 


ce e. OPTIONAL PROCESSING 


Blank= Standard Processing 


d. TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CD 028) 
P = 28-Pin Plastic DIP (PD 028) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 


Am7901B (A-Law, p-Law) 

Am7901C (A-Law, Linear) 

Subscriber Line Audio-Processing Circuit (SLAC) 
WORLD-CHIP® 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 







Valid Combinations 
AM7901B DC, PC, JC 
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PIN DESCRIPTIONS 
AGND 


Analog ground. 


C;—C; 

Latched Outputs 

The serial interface may be used to write data to a regis- 
ter whose outputs are brought out to Cs—C;. These 
5 lines are TTL-compatible and may be used to control 
the operation of a SLIC or any other device associated 
with the subscriber line. Cs is used as an output in the 
Auto-zero Speedup Mode. 


CAP2, CAP; 
An external series resistor and capacitor are connected 
to these pins. These components are part of the integra- 
tor in the A/D converter. The recommended values of 
these non-precision components are 1K ohm +5% and 
2000 pF +20%. 


CLKX, CLKR 

PCM Clocks 

The PCM Clocks determine the rate at which PCM data 
is serially shifted into or out of the PCM ports. The maxi- 
mum clock frequency is 4.096 MHz and the minimum 
clock frequency is 128 kHz. CLKX determines the rate at 
which PCM data is transmitted. CLKR determines the 
rate at which PCM data is received. 


CS 
Chip Select 
The Chip Select input enables the device to either input 


or output control data. A level of -5 V on this input places 
the device in the Auto-zero Speedup Mode. 


DCLK 

Data Clock 

The Data Clock shifts control data either into or out of the 
SLAC. The maximum clock rate is 2.048 MHz. A level of 
—5 V on this pin forces the device into the Reset state. 


Din 

Data Input 

Control data is serially written via the Data Input port. 
The input rate is determined by the Data Clock. 


Dour 

Data Output 

Control data is serially read via the Data Output port. 
The output rate is determined by the Data Clock. Dour is 
high-impedance when control data output is completed 
and CS is High. 


DGND 
Digital ground. 


DRA, DRB 
PCM Inputs 


The receive-PCM data is serially received from either 
the DRA or the DRB port. The port selection is under 
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user program control. For -law and A-law, 8 bits are re- 
ceived and for linear code, 16 bits are received. The 
data is received in 8- or 16-bit bursts every 125 us at the 


_CLKR rate. 


DXA, DXB 

PCM Outputs 

The transmit-PCM data is serially fed out to either the 
DXA or the DXB port. The port selection is under user 
program control. For p-law and A-law, 8 bits are trans- 
mitted and for linear code, 16 bits are transmitted. The 
output is available every 125 us and the data is shifted 
out in 8 or 16-bit bursts at the CLKX rate. DXA and DXB 
are high-impedance between bursts and also in the 
standby mode. 


FSX, FSR 

Frame Sync 

The Frame Sync pulse is an 8-kHz signal which identi- 
fies the beginning of aframe. The SLAC references indi- 
vidual time slots with respect to the Frame Sync pulse. 
FSX is the transmit-PCM Frame Sync and FSR is the 
receive-PCM Frame Sync. The FSX pulse must not be 
longer than 8 clock periods when companded code is 
used, and 16 clock periods when linear code is used. 


MCLK 
Master Clock 


The Master Clock must be a 2.048 +100 ppm clock 
input. MCLK is used by the digital signal processors. 
Loss of MCLK must be treated like a loss of power. 


TSCA, TSCB 


Time Slot Control 


The Time Slot Control outputs are open-drain outputs 
and are normally High. TSCA is Low when PCM data is 
present onthe DXA output and TSCB is Low when PCM 
data is present on the DXB output. 


Ves 
—5-V power supply. 


Vcc 
+5-V power supply. 


Vin 

Analog Input 

The analog input is applied to the transmit path of the 
SLAC. The signal is sampled, digitally processed and 
encoded for the PCM output. 





Vout 
Analog Output 


The received-PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. 
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FUNCTIONAL DESCRIPTION 


Device Operation 

General 

The Am7901B/C performs the codec and filtering func- 
tions associated with the four-wire section of the sub- 
scriber line circuitry in a digital switch. When used with 
the Am795XX Subscriber Line Interface Circuit (SLIC), 
the pair provide a complete solution to the BORSCHT 
(Battery feed, Overvoltage protection, Ringing, Supervi- 
sion, Coding, Hybrid, and Test) functions (see Figure 1). 


The SLAC contains A/D and D/A converters. A micro- 
processor-compatible interface is provided to program 
the device into a variety of modes. These operating 
modes include companded or linear-code operation, 
dynamic time-slot assignment, and PCM-port selection. 


The SLAC samples the analog signal at the Vin pin 
and digitally processes it to produce either a linear 
or companded PCM code at the DXA or DXB output 
(see Figure 2). Conversely, it receives either a linear or 
companded PCM code at the DRA or DRB input and 
digitally processes it to produce an analog output at the 
Vout pin. The processing is accomplished at the frame 
rate (8 KHz), and the digital output/input is available for 
transmission/reception every 125 us. 


Transmit Signal Processor 

In the transmit path (see Figure 3), the analog signal is 
converted, filtered, compressed, and made available for 
output. 


The prefilter is an integrated anti-aliasing filter which 
prevents signals near the sample rate from folding back 
into the voiceband during decimation. The A/D is de- 
signed to have a wide dynamic range and excellent sig- 
nal-to-noise performance. It uses a modified sigma 
delta loop with a D/A converter to track the input signal at 
a 512-kHz sampling rate. 


The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The B, X, 
and GX blocks shown in Figure 3 are user-program- 
mable filter sections and their coefficients are stored 
in the Coefficient RAM. These filters may be trans- 
parent when not required in a system. The digital com- 
pressor may be bypassed when linear-code operation is 
desired. 


The decimator reduces the high input sample rate. The 
X filter is a 4-tap Finite Impulse Response (FIR) section 
and is part of the frequency response correction net- 
work. The GxX filter allows the user to program up to 
12-dB gain in the transmit path with an accuracy of 
+0.051 dB upto 10.4 dB and+0.15 dB upto 12 dB. TheB 
filter has 8 taps and operates on samples input from the 
Receive Signal Processor in order to provide trans-hy- 
brid balancing in the loop. The low-pass filter limits the 
output bandwidth to meet the transmission require- 
ments. The high-pass filter rejects 15-Hz and 50/60-Hz 
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Transmit PCM Interface 

The Transmit PCM Interface receives either a16-bit lin- 
ear code (for linear operation) or an 8-bit compressed 
code (for p-law and A-law operation) from the digital 
compressor. This code is loaded into the output register. 
The Transmit PCM Interface logic (see Figure 4) con- 
trols the transmission of data onto the PCM highway 
through the output port-selection circuitry and the Time 
Slot Control block. 


The Frame Sync (FSX) pulse identifies the beginning of 
a Transmit frame and all channels (time slots) are 
referenced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 
The Time Slot register is normally 5-bits wide and allows 
up to thirty-two 8-bit channels or sixteen 16-bit channels 
(using CLKX = 2.048 MHz) in each frame. But in the ex- 
panded mode, 6 bits may be programmed to give thirty- 
two 16-bit channels or sixty-four 8-bit channels (using 
CLKX = 4.096 MHz) in each frame. The expanded mode 
bit becomes the sixth bit of the Time Slot register. If this 
bit is Low, one of channels 0 to 31 is selected and if it is 
High, one of channels 32 to 64 is selected. This feature 
allows any combination of channel assignments and 
clock frequencies (over a range of 128 kHz to 4.096 
MHz) ina system. For p-law and A-law operation, 8 bits/ 
channel are output and for linear code operation, 16 bits/ 
channelare output. The data is transmitted Most Signifi- 
cant Bit (MSB) first. The Clock Slot register is 3 bits wide 
and may be programmed to offset the Time Slot assign- 
ment by 0 to 7 CLKX periods to eliminate any clock skew 
in the system (see Figure 5). 


In the Am7901B/C, the PCM data may be user-pro- 
grammed to be output onto one of two ports, DXA or 
DXB. Correspondingly, either TSCA or ISCB is also 
Low. 





Receive PCM Interface 

The Receive PCM Interface logic (see Figure 6) controls 
the reception of data from the PCM highway and trans- 
fers it for expansion (y-law or A-law) to the Receive 
Signal Processor. The operation of this interface is iden- 
tical to the Transmit section. 


The Frame Sync (FSR) pulse identifies the beginning of 
a Receive frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable Re- 
ceive Time Slot and Receive Clock Slot registers. The 
Time Slot register is normally 5-bits wide and allows up 
to thirty-two 8-bit channels (using CLKR = 2.048 MHz) in 
each frame. But in the expanded mode, 6 bits may be 
programmed to give thirty-two 16-bit channels or 
sixty-four 8-bit channels (using CLKR = 4.096 MHz) in 
each frame. The expanded mode bit becomes the sixth 
bit of the Time Slot register. If this bit is Low, one of chan- 
nels 0 to 31 is selected and if it is High, one of channels 
32 to63is selected. This feature allows any combination 
of clock frequencies (over a range of 128 kHz to 


frequencies and may be disabled for testing. 
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4.096 MHz) and channel assignments in a system. For In the Am7901B/C, the PCM data may be user- 
u-law and A-law operation, 8 bits/channel are input and programmed to be input from one of two ports, DRA or 
for linear code, 16 bits/channel are input. The MSB of DRB. 

the code must be received first. The Clock Slot register 

is 3-bits wide and may be programmed to offset the 

Time Slot assignment by 0 to 7 CLKR periods to elimi- 

nate any clock skews in the system (see Figure 7). 
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Microprocessor Interface 


Figure 1. Single-Channel Subscriber Line System ers 
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Figure 2. SLAC Block Diagram 01520-4 
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Receive Signal Processor 
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The low-pass filter band-limits the signal. The GR filter 


Inthe receive path (see Figure 8), the digital signal is ex- 
panded, filtered, converted to analog, and output onto 
the Vour pin. 


The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The Z, R 
and GR are user-programmable filter sections and their 
coefficients are stored in the coefficient RAM. These fil- 
ters may be made transparent when not required ina 
system. 


«— lime Slot 0 
| Clock Slot 0 


allows the user to program a loss of up to 12 dB with an 
accuracy of +0.051 dB. The Rfilteris a 4-tap FIR section 
and is part of the frequency response correction net- 
work. The Z filter provides feedback from the Transmit 
Signal Processor to the Receive Signal Processor and 
is used to modify the effective input impedance to the 
system. The interpolator provides the higher sample 
rate to the D/A converter. 


< Programmed > | 
Time Slot 


CLKX | | | | | | | 1 | | 2 | 7* 8* 






FSX 2 a ee 





DXA Three-State 


se a P, 


*For linear code, the 7th and 8th clock cycles correspond to the 15th and 16th clock cycles. 


Figure 5. Transmit PCM Timing Diagram 01520-7 
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Figure 6. Receive PCM Interface 91520-8 
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Figure 7. Receive PCM Timing Diagram 
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* For Am7901B, the expander cannot be bypassed. 


Figure 8. Receive Signal Processor 


Serial I/O Interface 

A microprocessor may be used to program the SLAC 
and control its operation using the Serial I/O Interface 
(see Figure 9). Additionally, data programmed previ- 
ously may be read out for verification. The control word 
format is shown in Table 1. Commands are provided to: 


ws Set active/inactive modes 
= Set up test functions 

= Set up operating functions 
2 Program filter coefficients 


= Assign time slots and port selection 
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= Write to the SLIC latch 
8 Enable/Disable each user-programmable filter 


The interface consists of 4 pins, CS, DCLK, Din and 
Dour. The device is accessed by CS and data is serially 
loaded-in on Din or read-out on Dour under control of 
DCLK. Either commands or data words may be written 
to the SLAC, but only data words can be read out. All 
words are 8-bits wide and are written or read MSB first 
(see Figure 10). 


For both reception or transmission of words, exactly 8 
Data Clock cycles must be received after CS goes Low. 
CS must stay High (off period) for a minimum time pe- 
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riod before it can go Low again. During this off-period, 
the logic decodes and executes the command. All read- 
ing of data must be preceded by an input command re- 
questing the data. Once control data transmission has 
begun, no new input commands will be accepted until 
control data transmission is completed. 


A Serial I/O cycle is defined by transitions of CS and 
DCLK. Upon proper application of power supplies and 
MCLK, the device expects the first word to be a com- 
mand. A number of commands require additional data 
words to be input or output. The SLAC will not accept 
new commands until all this data has been transferred. 


There are two possible operations of DCLK and CS for 
the SLAC to function correctly. If the CS is held in the 
High state between accesses, the DCLK may free run 
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DCLK Conversion 
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with no change to the internal control data. Using this 
method, the same DCLK may be run to a number 
of SLACs and individual CS lines will select the appropri- 
ate device to access. If the DCLK is held in the Low state 
between accesses, the CS line may make multiple 
transitions between accesses for a particular SLAC. 
This allows running one CS line to all SLACs and select- 
ing a particular device through enabling or disabling its 
DCLK. 


It should be noted that the DCLK can stay in the Low 
state indefinitely with no loss of internal control informa- 
tion. However, it should not be held in the High state for 
more than 20 us to ensure proper operation as indicated 
by the Switching Characteristics Table. 
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Figure 9. Serial I/O Interface 
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Figure 10. Serial 1/O Interface Timing Diagram 
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Table 1. Control Word Summary 


The Serial I/O Interface consists of Data Input, Data 
Output, Data Clock and CS Input. Data is read in (read 
out) on the Serial Data Input (output). The Serial Input 
consists of 8-bit (byte) command words which may be 
followed with additional bytes of input data or may be fol- 
lowed by the SLAC outputting bytes of data. All words 
are input with MSB (D7) first and LSB (Do) last. All out- 
puts are output with the MSB (D7) first and the LSB (Do) 
last. Words are written or read one at atime, with CS go- 
ing High for at least the minimum off-period (see under 
Switching Characteristics) before the next read or write 
operation. The first 3 bits of the command word indicate 
the type of command and the last 5 bits contain either 
data or further information about the command. The 
classes of command are: 


Dz Do Di 


oO 
° 


LSB 


D; De 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 


-"OoO+-0 


oO 


Inactivate/No Operation 
Transmit Time Slot Selection 
Receive Time Slot Selection 
Clock Slot and Gain Selection 
Read Slot, Gain and PCM Mode 
Set Basic and Operating 
Functions and PCM Modes 
Read/Write Coefficients, 

Set Test Modes, 

Select p-law/A-law/linear 
Data for SLIC Interface 
Activate/No Operation 


MSB- D7 De Ds Da 
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“"ao--2 00-42-44 0000 
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Inactivate 

Transmit Time Slot Selection 
Receive Time Slot Selection 
Transmit Clock Slot Selection 
Receive Clock Slot Selection 
Transmit Gain Selection (GX) 
Receive Gain Selection (GR) 


Read Transmit Time and Clock Slot 


Read Transmit Gain (GX) 


Read Receive Time and Clock Slot 


Read Receive Gain (GR) 
Read PCM Mode 

Enable Filters 

PCM-Mode Selection 

Write B Coefficients 

Write X Coefficients 

Write R Coefficients 

Write Z Coefficients 

Read B Coefficients 

Read X Coefficients 

Read R Coefficients 

Read Z Coefficients 

Reset to normal conditions 
Add -6 dB to receive gain 
Cutoff receive path 

Test mode—analog loop-back 
Test mode-—digital loop-back 


Disable High-Pass Filter (set to 1) and 


freeze auto zero circuit 
Choose PCM Code 
Outputs to SLIC 
Activate 
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Choose 1 of 32 Time Slots 
Choose 1 of 32 Time Slots 
Choose 1 of 8 Clock Slots 
Choose 1 of 8 Clock Slots 
Followed by 2 Bytes of Data 
Followed by 2 Bytes of Data 
Followed by 1 Byte of Data 
Followed by 2 Bytes of Data 
Followed by 1 Byte of Data 
Followed by 2 Bytes of Data 
Followed by 1 Byte of Data 


Followed by 12 Bytes of Data 
Followed by 8 Bytes of Data 
Followed by 8 Bytes of Data 
Followed by 8 Bytes of Data 
Followed by 12 Bytes of Data 
Followed by 8 Bytes of Data 
Followed by 8 Bytes of Data 
Followed by 8 Bytes of Data 
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Am7901B/C Detailed Serial 
Command Definitions 


Inactivate (Standby Mode) 
MSB LSB 


In the inactive mode, none of the programmed informa- 
tion is changed and the analog output is set to zero volts 
through a moderate series impedance. The Serial /O 
remains active, the SLIC contro! outputs remain valid, 
and the PCM outputs are high impedance. 


Activate (Operational Mode) 


MSB LSB 


Daria ae EA a 


Valid PCM data is not transmitted until after the second 
FSX pulse is received following the execution of the Ac- 
tivate command. 


Transmit Time Slot Selection 


MSB LSB 
poto fs [ut ui rt nt 


Bits T, through To select one of 32 time slots. 


Transmit Clock Slot Selection 


MSB LSB 
poli titotoftal} al o| 


Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 


Read Transmit Time and Clock Slots 


Command 
MSB LSB 


pots tata fort oft) 
Output Data 
Byte 1 


The transmit time and clock slots are read out time slot 
first, followed by clock slot. 
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Receive Time Slot Selection 


MSB LSB 
pots fo fu] me] ey] ty tI 


Bits T, through To select one of 32 time slots. 


Receive Clock Slot Selection 


MSB 


- 
w 
ise] 


, 


1 C2 Cy Co 


Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 


Read Receive Time and Clock Slots . 


Command 
MSB 


i 
eZ) 
109] 


El 
EF 


Output Data 
Byte 1 


The receive time and clock slots are read out time slot 
first, followed by clock slot. 


Write GX Filter Coefficients 


Command 
MSB LSB 
Poti tr tr ftofof{if{o| 
Input Data 
Cao =Mao Czso = M20 Byte 1 
Coo Maz Cio Mio Byte 2 
Read GX Filter Coefficients 
Command 
MSB LSB 
poft+tititof}ofof{ i] 
Output Data 
Cu _ Mo Byte 1 
Cro __ Man Byte 2 
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Write GR Filter Coefficients 


Command 
MSB LSB 


20 Jot te aos | Lo 
Input Data 

40 Mao Cao Mso 

20 M20 Cio M10 


a 
: [Cem] By 
: [Cee 4 ve 2 


Read GR Filter Coefficients 


Command 
MSB LSB 


CALE ee Rea 
utput Data | 
Cro Mao Cao Mo 
20 Mazo Cro Mio 


O 


Byte 1 
Cc Byte 2 
Write PCM Mode Selection 
MSB LSB 


pi fo fo ft | On} OY] Rex] Te] 


Dra=0: PCM data is input on DRA. 
Dra=1: PCM data is input on DRB. 


Receive Port: 


Transmit Port: Dx=0: PCM data is output on DXA. 


Dx=1: PCM data is output on DXB. 


Rex=0: Reset Receive Expanded Mode. 
Expanded Mode: Rex=1: Set Receive Expanded Mode. 


Transmit Tex=0: Reset Transmit Expanded Mode. 
: Set Transmit Expanded Mode. 


Command 

MSB LSB 
feOe Me fat | af | A et 
Output Data 
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Enable Filters 
MSB LSB 


|i fo fo | o | ea} ex} er| Ez] 


B Filter: EB = 0: B filter disabled. 


EB = 1: B filter enabled. 


X Filter: EX=0: X filter disabled. 
EX=1: X filter enabled. 
R Filter: ER = 0: R filter disabled. 
ER =1: R filter enabled. 
Z Filter: EZ=0: Z filter disabled. 


EZ= 1: Z filter enabled. 


Write Test Mode Selection 
MSB LSB 


pt totstifojr] nt 


T3 T2 T1 Function 

0 O 0 Reset to normal conditions as follows. Receive 
gain is set to the value stored in the GR 
register. erated and digital loopback modes 
are reset. The high-pass filter is enabled and 
the auto-zero circuit is operational. The 
receive path is not cutoff. 

0 1  Add-6 dB to receive gain. 
Cutoff receive path. 
1 Disable high-pass filter (set to 1) and freeze 
auto-zero circuit. 
1 0 0O Activate digital loopback. 


ooo 
= 
oO 


1 1 1 Activate analog loopback. 
Select PCM Coding 
MSB LSB 


pr tots tit ito} ol] Bi 


Bit B selects the type of PCM code to be used. 


For the Am7901B: B=0: A-law. 
B=1: p-law. 
For the Am7901C: B =0: Linear. 
B=1: A-law. 


Write SLIC Output Registers 
MSB LSB 


pits tofatal cy} aly co 
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Write B Filter Coefficients Input Data 


Command 
MSB LSB 


pitots1{ofo}ot} of ol! 


Input Data . 





Read X Filter Coefficients 





‘Command 
MSB LSB 
oi Ont S07 aos oael Se a0] 
Output Data 
Cao Mao Cao Maso Byte 1 
| | | | | | 
Read B Filter Coefficients | | | | | | 
Command Byte 8 
MSB LSB 
fi fofi1f[ofofof1] 1] Write R Filter Coefficients 
Command 
Output Data MSB LSB 
ee peepee) a 
| | | | | | Input Data 
| | | | | | 
Cor ma Ci omy Byte 12 


Write X Filter Coefficients 


Command 
MSB LSB 


pito t+ fotots] of o| 
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Read R Filter Coefficients 


Command 


MSB LSB 
fo eo i oa) 
Output Data 


| | | ba 4 


he | | | 
[ce me Ge me Jaye s 


Write Z Filter Coefficients 


Command 


MSB LSB 
ee [LOSI Or Bt IO). 0 
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Read Z Filter Coefficients 


Command 
MSB LSB 


pito ts foftsiprt iti) 
Output Data 


10 


43 Mas 3 
ae ee 
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Digital Filters 


The SLAC uses digital signal processing to implement 
the various filters (see Figure 11). 


The advantages of digital filters are: 

m= High reliability 

®# No drift with time or temperature 

= Unit-to-unit repeatability 

= Superior transmission performance 


Six of the digital filters in the signal processing sections 
are user-programmable. These allow the user to inde- 
pendently modify the gain in both the transmit and 
receive paths, provide trans-hybrid balancing in the sys- 
tem, and adjust the two-wire line termination impe- 
dance. This programming capability feature allows the 
user to optimize the performance of the SLAC for his 
system. 


General Description of CSD Coefficients 


The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and sum- 
ming the result with the previous value at that summa- 
tion node. The method used in the SLAC is known as 
Canonic Signed Digit (CSD) multiplication and splits 
each coefficient into a series of CSD coefficients. 


AMD cl 


Each programmable filter section has the following gen- 
eral transfer function: 


HF(z) = hot hiz' + hoz? +... haz™ (1) 
where the number of taps in the filter = n + 1. 


The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is de- 
fined in the following general equation: 


h= B,2™'! + B22? i ee Bua, (2) 
where: 
the number of shifts = Mi < Mi-4 
sign = Bi= +1 


N = Number of CSD coefficients. 


The value of hiin (2) represents a decimal number which 
is broken down into a sum of successive values of: 


+1.0 multiplied by 2~, or 2-1, or 2-7...2°-7... 


or 
+1.0 multiplied by 1, or 1/2, or 1/4...1/128.... 


The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 


The coefficient hi in Equation 2 can be considered to be 
avalue made up of N binary 1sina binary register where 
the leftmost part represents whole numbers, the right- 
most part represents decimal fractions, and a decimal 
point separates them. The first binary 1 is shifted Mi bits 
to the right of the decimal! point, the second binary 1 is 
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*User-Programmable Filters 


Figure 11. SLAC Signal Processing Flow 
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shifted Mz bits to the right of the decimal point, the third 


binary 1 is shifted Ms bits to the right of the decimal point, 
and so on. 


Note that when M1 is 0, the resulting value is a binary 1 
in front of the decimal point, that is, no shift. If Mzis also 
0, the result is another binary 1 in front of the deci- 
mal point, giving a total value of binary 10 in front of the 
decimal point (i.e., a decimal value of 2.0). The value 
of N, therefore, determines the range of values the 
coefficient hi can take; for example, if N = 3 the maxi- 
mum and minimum values are +3, and if N = 4 the values 
are between +4. 


Detailed Description of SLAC Coefficients 

The CSD coding scheme in the SLAC uses a value 
called mi, where mi represents the distance shifted right 
of the decimal point for the first binary 1, m2 represents 
the distance shifted to the right of the previous binary 1, 
and ms represents the number of shifts to the right of the 
second binary 1. Note that the range of values deter- 
mined by N is unchanged. Equation 2 is now modified (in 
the case of N=4) to: 


hi =Bi2™' + B22”? +. Bao + Baa (3) 


hy = C127! + CC 22-11 + M2) 4. Cy Cag! + m2 + md) 
+ CiC2CaC 424 + m2 + 178 + m4) (4) 


hy = C12 - [4 + C227 - {1 + 032-7. (1 + Cg2-™)}] (5) 


where: 
Mi =m1 and B1=C1 
M2 = m1 + m2 Bo = C1- C2 
Ms = mi + m2+ m3 Bs = C1-Ce2-Cs 


B4 = C1-C2-C3- C4 


In the SLAC, a coefficient hi consists of N CSD coeffi- 
cients, each being made up of 4 bits and formatted as 
Cxymxy, where Cyy is one bit (MSB) and my is three bits. 
Each CSD coefficient is broken down as follows: 
Cxy _ is the sign bit (0 = positive, 1 = negative). 
My is the 3-bit shift code. It is encoded as a 
binary number as follows: 


M4 = mi+ m2+ms3+ m4 


000: illegal 
001: 6 shifts 
010: 5 shifts 
011: 4 shifts 
100: 3 shifts 
101: 2 shifts 
110: 1 shift 
111: 0 shifts 
y is the coefficient number (the i in hi). 
Xx is the position of this CSD coefficient within 


the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hicoefficient. The 
most significant binary 1 is represented by 
x = 1, The next most significant binary 1 is 
represented by x = 2, and so on. 


Thus, Ciami3 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(hs) coefficient. 


The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, and Z filters, and 3 for the B filter. Note 
also that the GX filter coefficient equation is slightly dif- 
ferent from that of the other filters: 


hiex = 1+ hi (6) 


Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 


Two-Wire Impedance Matching 

A feedback path is provided from the transmit to the re- 
ceive section via the Z filter. This filter may be pro- 
grammed to modify the effective termination impedance 
(Zsuc) of a SLIC or a transformer hybrid to a desired 
value. The desired impedance may be complex. This 
feature allows the user to terminate each SLIC in a Sub- 
scriber Line System with a fixed resistor and digitally 
modify their impedance using the Z filter. 


The X and R filters are the Transmit and Receive attenu- 
ation distortion correction filters. These filter sections 
are programmed to compensate the attenuation distor- 
tion caused by the Z filter. 


Trans-Hybrid Balance 

In a traditional line card system, a balance network is 
used with the SLIC to achieve trans-hybrid balancing. If 
the balance network perfectly matches the subscriber's 
line, infinite trans-hybrid balancing is achieved. But in 
general, the matching in traditional systems is poor and 
trans-hybrid balancing is not very good. Some systems 
have up to 2 or 3 compromise networks per line that 
must be selected semi-automatically or manually to pro- 
vide the balance. 


In the SLAC, a feedback path is provided from the re- 
ceive to the transmit section via the B filter. This filter 
may be programmed to cancel the received signal from 
the transmit signal path and achieve a significantly im- 
proved level of trans-hybrid balance. 


Gain Adjustment 

Signal levels in the transmit and receive paths may be 
modified by programming the GX and GR filters. The GX 
filter allows the user to add up to 12 dB of gain with an 
accuracy of 0.051 dB up to 10.4 dB and +0.15 dB up to 
12 GB in the transmit path. The GR filter allows the user 


. toadd up to 12 dB of loss with an accuracy of +0.051 dB 


in the receive path. 


Test Features 

The SLAC simplifies system testing by providing both 
digital and analog loop-back paths. Under program con- 
trol, either the DRA or DRB input is looped to the DXA or 
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DXB output (digital loop-back) through a path from the 
output of the interpolator in the receive path to the input 
of the decimator in the transmit path, or the Vin input is 
looped to the Vour output (analog loop-back) through the 
Z filter. To allow testing of the subscriber loop cabling for 
leakage, the transmit high pass filter may be disabled 
and auto-zero operation interrupted. The receive analog 
output may be programmed to cut off. This receive cut- 
off command may be used to stop oscillations in the 
four-wire side of the telephone network. 


The SLAC contains an auto-zero circuit in the A/D con- 
verter which takes several seconds to settle following a 
change in the offset voltage at Vin. To facilitate compo- 
nent testing of the SLAC, there is a test mode available 
to accelerate settling of the auto-zero circuit. This test 
mode is activated by holding the CS input at -5 V for at 
least 64 ms with the offset voltage applied to Vin (and no 
signal). The auto-zero will settle in this time. In a compo- 
nent test environment, this procedure should be fol- 
lowed after programming the filters. The Cs output is 
also used in this mode. The output level on Cs may be 
modified. 


Note: The digital loopback (DLB) path processes an internal 
data word 2-bits shorter than in normal mode. Therefore, 
DLB signal processing performance is not equivalent to 


normal mode signal processing and does not meet the speci- . 


fied Transmission specifications. DLB is recommended for 
use with 0-dB programmed gain/attenuation and PCM signal 
levels above -25 dBm0. 


Stand-By Mode 

The SLAC is forced into the stand-by mode either by 
a hardware reset applied to the DCLK input or by recep- 
tion of the Inactivate command. In this mode, power 
is switched off from all circuitry that can be turned off. 
No transmission or reception of PCM data takes place. 
However, the circuits which contain programmed 
information retain their data. The Serial I/O Interface 
remains active to receive new commands. 


AMD al 


Power-On Clear 

Before any other commands are written to the SLAC, 13 
Inactivate commands should be sent to the serial port of 
the SLAC in case the SLAC powers up in the middle of a 
read sequence. Alternatively, a hardware reset opera- 
tion canbe carried out by applying —-5 V to the DCLK pin. 
A loss of MCLK should be treated like a loss of power. 


Stand-Alone Mode 

Inthe stand-alone mode, the serial interface is not used. 
The DCLK and Din pins may be used to control the 
device. Applying —5 V to the DCLK pin resets the device 
and the Din pin can subsequently be used to power-up or 
power-down the SLAC. 


DCLK Din 
0 X Normal Mode 
1 X Normal Mode 
-5V 0 Reset and Power-Down 
-5V 1 Reset and Power-Up 
Reset State 


The Reset State of the device is: 


a. Both Transmit and Receive Time and Clock Slots 
are set to 0. 


b. A-law is selected. 
B, X, R, Z filters are disabled. 


Both Transmit (GX) and Receive (RX) gains are 
set to unity. 


e. SLIC outputs are set High. 
f. Normal conditions are selected. 
g. DXA/DRA ports are selected. 
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u-Law: Positive Input Values 


Number : ins ase Character Value at Decoder 
Value at Decision Decision : 
Segment of Intervals Segment Value Value Signal (5) Decoder Output 


Number X Interval : : Output Value 
Size End Points | Number n Xn (1) Bit Number_ P y> (3) Number 


Sy 
(8159) 
10000000 
7903 : 
16x256 : (2) 
4319 
10001111 
l 4063 
: : ? (2) 
16x128 ne 
10011111 
2015 
: : : (2) 
16 : : 3 
“ee 1055 
| 10101111 
991 
3 : > (2 
16x32 : : : (2) 
B11 


i : i (2 

16x8 i ee 
11011111 

: : : (2 

16x4 : : @) 
11101111 


(2) 


11111110 


111111141 


eg 

pr 

4 16x16 : : : (2) 
11001111 

Z 





Notes: 1. 8159 normalized value units correspond to Tuax=3.17 dBmo0. 


2. The character signal corresponding to positive input values between two successive decision values numbered n and n +1 
(see column 4) is (255 —n) expressed as a binary number. 


3. The value at the decoder is yo= Xo =0 for n=0, and yn=X"*%*1 for n=1,2,..., 127. 
4. X129 is a virtual decision value. s 
5. Bit 1 is a O for negative input values. 
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Segment St intemals Value at Decision Decision | Before Inversion 
Number 





Number Character Signal Value at Decoder 


X Interval Segment Value Value of the Even Bits Decoder output 


Z : Output Value 
Size End Points | Number n Xn (1) 4 a alae ‘ yn (3) Number 


(4096) 
3968 


111111141 


16x 128 : 

2176 
111 ua 0000 

2048 


1086 
big oeer 
1024 


544 

11010000 
512 
272 
256 


11000000 


136 
10110000 
128 


68 
10100000 


a 


4096 nomalized value units correspond to Twax=3.14 dBm0. 


The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character 
signal corresponding to positive input values between two successive decision values numbered n and n+1 (see column 4) 
is (128 +n) expressed as a binary number. 

The value at the decoder output is yn= — forn=1,..., 127, 128. 
X128 is a Virtual decision value. 


Bit 1 is a O for negative input values. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .............. —60 to 125°C 
Ambient Temperature under Bias ........ 0 to 70°C 
Vcc with respect toDGND.......... —0.4 to +6.0 V 
Ves with respecttoDGND .......... +0.4 to -6.0 V 
Vin with respect to AGND ............. Ves to Vec 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 
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OPERATING RANGES 
Commercial (C) Devices 


Ambient Temperature (Ta) ............. 0 to 70°C 
Vee 24.2 ste da itainehotawes a pewinds +5.0 V +5% 
Vee ute hate tee ie eerie ee het ~5.0V+5% 
IGN Diy a yh tien BER POSS eae, OV 
AGNDS. << cnanneleeed dex eka wia DGND +100 mV 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range (Note 1) unless otherwise specified 


Parameters| Description =| TestConditions | _Min_| Typ | Max_| Units 
Zin Analog Input Impedance -3.2 V<Vin<3.2V zo a kQ 
Zout Analog Output Impedance -3.2 V<Vour<3.2 V | fo Q 





20 
+40 mV 


Vi FAnalog inputVolage Range | ——S~SSSSC*dCS*dC nV | 
Vi. Input Low Voltage (All Digital Inputs pfs foe 
Except DCLK in Stand Alone Mode Vv 
and CS in Auto Zero Speedup Mode) 
(All Digital Outputs) lo.=2mA V 
a 
(All Outputs Except TSC) 
a 
les (S) Ves Supply Current (Standby) Vec= 5.25 V 
ao Vn=—4.75 V 
i 
PSAR 200 mVp-p @ 1.02 kHz 
on the appropriate supply, 
: 
& 





Note: 1. Typical values are for Ta=25°C and nominal supply voltages. Min and max specifications are over the temperature and 
supply voltage ranges shown in the above table entitled “Operating Ranges.” 
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TRANSMISSION CHARACTERISTICS 

(All specifications are guaranteed withOdB < GX< +12 voltage of 1.6 V for A-law and 1.588 V for p-law at the 
dB, -12dB< GR< 0dB and A-lawor u-law companded analog output. When GX =0 dB, a 1020-Hz sine wave 
PCM, unless otherwise specified.) signal with rms voltage of 1.569 V for A-law and 1.557 V 
for pt-law at the analog input will correspond to a level of 


When GR=0dB, a 1020 Hz sine wave signal with level 0 dBm0 at the digital output. 


of 0 dBm0 at the digital input will correspond to an rms 


Description Test Conditions | min | Typ | Max | Units 


Gain (either path) 

a. deviation from ideal value 1020 Hz at -10 dBmo ‘ +0.2 dB 
b. deviation from initial value f +0.2 dB 
Group Delay Distortion (either path) -10 dBm0 signal oe el (see Fig. 14) —s 


a 
Intermodulation Distortion a. (Note 2) -35 dB 
; b. (Note 3) -49 dBmo 
Crosstalk 

300-3400 Hz, 0 dBmo -390 ~70 dB 
300-3400 Hz, 0 dBm0 -90 -70 dB 


a. Go-to-Return Path 
Gain Tracking (either path) Pisco Fig 15,17) | 


b. Return-to-Go path 
Signal to Total Distortion (either path) (see Fig. 16, 
18, 19) dB 


u-Law Companded PCM 









Idle Channel Noise (weighted, transmit) 









Idle Channel Noise (weighted, receive) 








idle Channel Noise (weighted, transmit) 





Idle Channel Noise (weighted, receive) 





Notes: 1. Applied signal is a 0-dBm0 sine wave within 300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz. 


2. Two different frequencies, f; and fz, in the range 300-3400 Hz and of equal levels in the range -4 to-21 dBm0 are applied. 2f:—fz 
products are measured relative to the level of either f: or fz. 


3. Any intermodulation product due to a signal in the range 300-3400 Hz with input level -9 dBm0 and a 50-Hz signal with input level 
—23 dBmo. 
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1.3 


0.8 


Attenuation 
(dB) 


0.15 


0 
~-0.15 





200 300 3000 3400 3600 
Frequency (Hz) 





Transmit Path Only 


Note: Measured per CCITT Rec. G.714 Paragraph 7. 
01520-14 
Figure 12. Attenuation Distortion Transmit or Receive Path 


0 

~10 

-20 

-30 
Attenuation 

(4B) —-40 





1 2 3 4 5 6 7 8910 20 30 40 50 60 7080 
Frequency (kHz) 
Notes: 1. The frequency is 1020 Hz. 
2. Input signal level is 0 dBmo. 


Figure 13. Out of Band Signals (End-to-End) ere 
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420 





SLAC Specification 
(Either Path) 


Delay 


(us) 


150 


85 





0 500 600 1000 2600 2800 
Note: Minimum value of group delay is taken as reference. 
: ‘ : : 01520-16 
Figure 14. Group Delay Distortion (Either Path) 


1.4 
Gain 
Variation 
(dB) 
0.5 
0.3 
Input Level 
0 (dBm0) 
—0.3 





Note: Measured per CCITT Rec. G.714 Paragraph 15. 


01520-17 
Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path 
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35 


29 
Signal-to-Total 
Distortion 24 
Ratio (dB) 


~30 


FINAL 





Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 14. 


Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path 


a. Noise Test Signal 


Gain 
Variation 9 
(dB) 





-55 -50 -—40 -10 
Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 15. 





O1520-18 
b. Sinusoidal Test Signal 

0.3 
Gain 

Variation 0 
(dB) 

-0.3 

—10 +3 
Input Level (dBm0) 
01520-19 


Figure 17. Gain Tracking.with Noise (Method 1) Transmit or Receive Path 
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Signal-to-Total 
Distortion 
Ratio (dB) 


Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 14. 01520-20 


Figure 18. Signal-to-Total Distortion With Noise (Receive Path—Method 1) 


Signal-to-Total 
Distortion 
Ratio (dB) 


Input Level (dBm0) 


0-21 
Note: Measured per CCITT Rec. G.714 Paragraph 1. os 


Figure 19. Signal-to-Total Distortion With Noise (Transmit Path—Method 1) 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Ta=0 to 70°C, Vec=+5 V +5%, Ves=—5 V +5% (see Notes 1, 6 & 7) 


No|Parameter| Description | Min. | typ [Max __| units 


Serial Interface Input Mode 


O00 
0.220 
5 
175 


Chip Select Off Time after byte written to 
or before byte read from B, Z, X, R, GX 
or GR in Active mode: 

Otherwise: 


input Data Setup Time 
Input Data Hold Time 30 


Chip Select Setup Time 
Chip Select Hold Time 50 
Chip Select Pulse Width (Notes 3 & 8) 


tocso Chip Select Off Time after byte written to 
or before byte read from B, Z, X, R, GX 
or GR in Active mode: 32 tucy 
Otherwise: 7 tucy 


Output Data Turn on Delay 
}toon =| Output Data Hold Time 30 
|tovor «| Output Turn off Delay 


Output Data Valid 
























| 
POM ClockHigh Pulse Wicth (Nota) |__| {|S 
ec | POM Clock Low Pulse Wiath (Note) | 10 | | ——~+t 
lec] Fall Time of Glock Ss SSSidT CT SSSCidY SCY 
= Rise Time of lock ————SSidT Si dT Cd Sd 
ves | Frame Syne Setup Time | __so0__| | {w-a0) _| 
fen Pte Se Held Tine (Gompandes Mode) |_s_}_____ (65) 
| Frame Sync Hold Time (Linear Mode) |_— 30. |_| (16 tov 50) | 
Cs 
fice | Delay to TSC Off (High Impedancs) | 90 | 
toxo [PCM Data OutputDelay | 
tom | PCM Data OutputHoldTime Ss | 80] 
to ___——*| PCMDataOutputDelaytoHighz | as | 
PCM Data Input Setup Time 50.0CdT 
[PCM Data InputHoldTime | | 
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SWITCHING CHARACTERISTICS (continued) 





Master Clock 


tun | Master ClockHigh Pulse Width | 220, | | 
tu | Master ClockLow Pulse Width | a8, | | 
tun | RiseTimeofClock | Tt 
tue, | all Time of Clock’ 


Notes: 1. Min and Max values are valid on all digital outputs except Cs—C, with a 150-pF load. Cs—C; outputs are valid with a 30-pF 
load. 


2. The Data Clock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or out 
while the clock is in the Low state. 


3. Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + ticsn + ticss and 
a maximum value of 9 Data Clock Cycles —tics—ticss. 


4. The maximum allowed PCM clock frequency is 4.096 MHz. The actual PCM clock rate is dependent on the number of 
channels allocated within a frame. The minimum clock frequency is 128 kHz. 


5. TSC is delayed from FS by a typical value of N tecy, where N is the value stored in the Time/Clock Slot register. 
6. The Frame Sync pulses (FSX, FSR) repeat at an 8-kHz rate. 


7. FSR, FSX, CLKR, CLKX, and MCLK all must be synchronized and exactly 256 cycles of MCLK must be guaranteed 
between Frame Syncs. All five clocks must not be interrupted to assure proper operation. 


8. tocy is 1 Data Clock Cycle. 







SWITCHING WAVEFORMS 
Timing Diagrams 


Input and Output Waveforms Master Clock Timing 
For AC Tests 


2.4 


2.0 Test 2.0 
0.8 Points 0.8 


0.45 


01520-22 





01520-23 
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Serial Interface (Input Mode) 








Din 
Outputs Data Data 
Cs—Cy Valid Valid 





01520-24 


Serial Interface (Output Mode) 


Vin 
CL 
pen Vir 


© 
(2 
()——> 


@— 
Three-State Vox f Data \X) Data Data Three-State 
oe Vow ae MX} Valid Valid ———— 


01520-25 
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PCM Highway Timing 


CLKX or CLKR 


FSX or FSR 


DXA/DXB 


Time Slot Zero 
Clock Slot Zero 





=| 


aT 
= 


orth ce) 


onan) WAKA AAA EE MANK SAKA XK KAKA 


01520-26 
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AMD 8-Channel Subscriber Line Card 


To/From Other 
Equipped Channels 


se Fy 2) a EL 


Line 1 BX (RINGX) TSCA [TJ 
iD eos 
TSCB 
Am7901B/C pr, fe———__+-| |_| e 
6) aaa 


1 . 
Dour 
a Din 
cs DCLK 
PCM 
| Highway 
| A 
: DXA PCM 
Subscriber[—] AX (TIPX) Vix] vi TSCA aan lg vey 
OUT 


i BX (RINGX) RSN 
Line 8 ( ) vi DXB 


SLAC 
DRB 
vB 
Du | | ft 
DET oS a 
1 


I/O Ports 


Line Card 
Controller 























01520-27 


Link to Higher 
Level Processor 
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Subscriber Line Audio-Processing Circuit (SLAC) 


WORLD-CHIP 


DISTINCTIVE CHARACTERISTICS 
Combination CODEC and Filter 


No trimming or adjustments required 

Uses digital signal processing 

Six user-programmable digital filters 

Dynamic Time Slot assignment 

Only two external components (non-precision) 
Dual PCM ports 


GENERAL DESCRIPTION 

The Subscriber Line Audio-Processing Circuit (SLAC™) 
performs the codec and filtering functions necessary in 
digital voice switching machines. In this application, the 
SLAC processes voiceband analog signals into Pulse- 
Code Modulated (PCM) outputs and processes PCM 
inputs into analog outputs. The SLAC’s performance 
is compatible with applicable AT&T® and CCITT speci- 
fications. The device consists of three main sections: 


BLOCK DIAGRAM 
CAP; CAP2 






Transmit Signal 
Processor 


MCLK 
cs 
DCLK 
Dio 






Control, 
Timing and 
Interface 


Receive Signal 
Processor 


Publication #:07004 Rev.B Amendment /0 
Issue Date: August 1990 


















Advanced 
Micro 


Devices 


m 4,096-MHz, 64-channel expanded mode 
operation 


Built-in test modes 
Microprocessor-compatible Serial Interface 
Control interface to SLIC 

Low standby power 

Selectable u-law or A-law 

24-pin DIPs 


transmit processor, receive processor, and control 
logic. 


The transmit section contains an anti-aliasing filter, an 
interpolative A/D converter and a digital signal proces- 
sor. The analog signals received are converted and digi- 
tally processed to generate either 8-bit p-law or A-law 
codes. Either one of two output ports may be selected 
for PCM data transmission. 







Output TSCB 
Register DXA 


Digital 
Compressor 


FS 


O +5V 
0 -5V 
O Analog Ground 
O Digital Ground 







Digital 


Expander Register 


07004B-01 
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GENERAL DESCRIPTION (continued) 


The receive section contains a digital signal processor The control I/O provides a microprocessor-compatible 
and a D/A converter. Either 8-bit p-law or A-law codes serial interface and allows the user bi-directional access 
are received, processed and converted to analog sig- to many programmable features and the capability to 
nals. Either one of two input ports may be selected for completely control the operation of the device via a 
reception of PCM data. comprehensive set of commands. 
CONNECTION DIAGRAMS 
Top View 

24-Pin DIP 





28-Pin PLCC 


RSRVD 


Son 
23 8 


Cy 
FS 
Ves 





DXB 
DXA 


oO a 
oO & Oo 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 





07004B-2 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM7905A 


B 
—— e. OPTIONAL PROCESSING 


Blank = Standard Processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 


P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
J = 28-Pin Plastic Leaded Chip 


Carrier (PLCC 028) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 


Am7905A Subscriber Line Audio-Processing Circuit (SLAC) 
WORLD-CHIP® 











Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Valid Combinations 
AM7905A PC, DC, JC 
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PIN DESCRIPTIONS 
AGND DXA, DXB 
Analog ground. PCM Outputs 
C;-C; ee transmit-PCM data is serially fed out to either the 
Latched Outputs or the DXB port. The port selection is under user 


The serial interface may be used to write data to a regis- 
ter whose outputs are brought out to Cs—C;. These 5 
lines are TTL-compatible and may be used to control the 
operation of a SLIC or any other device associated with 
the subscriber line. Cs is used as an output in the Auto- 
zero Speedup Mode. 


CAP2, CAP; 

An external series resistor and capacitor are connected 
tothese pins. These components are part of the integra- 
tor in the A/D converter. The recommended values of 
these non-precision components are 1K ohm +5% and 
2000 pF +20%. 


CS 
Chip Select 
The Chip Select input enables the device to either input 


or output control data. A level of -5 V on this input places 
the device in the Auto-zero Speedup Mode. 


DCLK 
Data Clock 


The Data Clock input shifts control data either into or out 
of the SLAC. The maximum clock rate is 2.048 MHz. A 
level of -5 V on this input forces the device into the 
Reset state. 


Dio 
Data Input/Output 


Control data is serially written and read via the Data In- 
put/Output port. The input and output rate is determined 
by the Data Clock. 


DGND 
Digital ground. 


DRA, DRB 
PCM Inputs 


The receive-PCM data is serially received from either 
the DRA or the DRB port. The port selection is under 
user program control. For both p-law and A-law, 8 bits 
are received. The data is received in 2.048- or 
4.096-MHz bursts. 


program control. For both p-law and A-law, 8 bits are 
transmitted. The output is available every 125 us and 
the data is shifted out in 2.048-MHz or 4.096-MHz 
bursts. DXA and DXB are high impedance between 
bursts and also in the standby mode. 


FS 

Frame Sync 

The Frame Sync pulse input is an 8-kHz signal which 
identifies the beginning of a frame. The SLAC refer- 
ences individual time slots with respect to the Frame 
Sync pulse. The FS pulse must not be longer than 8- 
clock periods. 


MCLK 

Master Clock | 

The Master Clock is a 2.048- or 4.096-MHz +100 ppm 
clock input. MCLK is used by the digital signal 
processors and by the PCM interface. Loss of MCLK 
should be treated like a loss of power. 


TSCA, TSCB 

Time Slot Control 
The Time Slot Control outputs are open-drain outputs 
and are normally High. TSCA is Low when PCM data is 
present on the DXA output and TSCB is Low when PCM 
data is present on the DXB output. 


Ves 
—5-V power supply. 


Vcc 
+5-V power supply. 


Vin 
Analog Input 


The analog input is applied to the transmit path of the 
SLAC. The signal is sampled, digitally processed and 
encoded for the PCM output. 


Vout 
Analog Output 


The received-PCM data is digitally processed and con- 


’ verted to an analog signal at the Vour pin. 
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FUNCTIONAL DESCRIPTION 
Device Operation 
General 


The Am7905A performs the codec and filter functions 
associated with the four-wire section of the subscriber 
line circuitry in a digital switch. When used with the 
Am795XX Subscriber Line Interface Circuit (SLIC), the 
pair provide a complete solution to the BORSCHT (Bat- 
tery feed, Overvoltage protection, Ringing, Supervision, 
Coding, Hybrid, and Test) functions (see Figure 1). 


The SLAC contains auto-zeroed A/D and D/A convert- 
ers. A microprocessor-compatible interface is provided 
to program the device into a variety of modes. These op- 
erating modes include companded operation, dynamic 
time-slot assignment, and PCM-port selection. 


The SLAC samples the analog signal at the Vin pin and 
digitally processes it to produce either a companded 
u-law or A-law PCM code at the DXA or DXB output (see 
Figure 2). Conversely, it receives either a companded 
u-law or A-law PCM code at the DRA or DRB input and 
digitally processes it to produce an analog output at the 
Vout pin. The processing is accomplished at the frame 
rate (8 kHz), and the digital output/input is available for 
transmission/reception every 125 ps. 


Transmit Signal Processor 


In the transmit path (see Figure 3), the analog signal is 
converted, filtered, compressed, and made available for 
output. 


The prefilter is an integrated anti-aliasing filter which 
prevents signals near the sample rate from folding back 
into the voiceband during decimation. The A/D is de- 
signed to have a wide dynamic range and excellent 
signal-to-noise performance. It uses a modified sigma 
delta loop with a D/A converter to track the input signal at 
a 512-kHz sampling rate. 


The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The B, X, 
and GX blocks shown in Figure 3 are user-program- 
mable filter sections and their coefficients are stored in 
the coefficient RAM. These filters may be made trans- 
parent when not required in a system. 


The decimator reduces the high input sample rate. The 
X filter is a 4-tap Finite Impulse Response (FIR) section 
and is part of the frequency response correction net- 
work. The GX filter allows the user to program up to 
12-dB gain in the transmit path with an accuracy of 
+0.051 dB up to 10.4 dB and +0.15 dB up to 12 dB. The 
B filter has 8 taps and operates on sampled input from 
the Receive Signal Processor in order to provide trans- 
hybrid balancing in the loop. The low-pass filter limits the 
output bandwidth to meet the transmission require- 
ments. The high-pass filter rejects 15-Hz and 50/60-Hz 
frequencies, and may be disabled for testing. 
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Transmit PCM Interface 


The Transmit PCM interface receives either 8-bit 
compressed p1-law or A-law code from the digital com- 
pressor. This code is loaded into the output register. The 
Transmit PCM interface logic (see Figure 4) controls 
the transmission of data onto the PCM highway through 
the output port-selection circuitry and the Time Slot 
Control block. 


The Frame Sync (FS) pulse identifies the beginning 
of a Transmit frame and all channels (time slots) are 
referenced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 
The Time Slot register is normally 5 bits wide and allows 
up to thirty-two 8-bit channels (using MCLK=2.048 
MHz) in each frame. But in the expanded mode, 6 bits 
may be programmed to give sixty-four 8-bit channels 
(using MCLK=4.096 MHz) in each frame. The ex- 
panded mode bit becomes the sixth bit of the Time Slot 
register. If this bit is Low, one of channels 0 to 31 is se- 
lected and if it is High, one of channels 32 to 64 is se- 
lected. This only applies if MCLK is 4.096 MHz. This fea- 
ture allows clock frequencies of 2.048 or 4.096 MHzina 
system. For p-law and A-law operation, 8 bits/channel 
are output. The data is transmitted Most Significant Bit 
(MSB) first. The Clock Slot register is 3 bits wide and 
may be programmed to offset the Time Slot assignment 
by 0 to 7 MCLK periods to eliminate any clock skew in 
the system (see Figure 5). 


In the Am7905A, the PCM data may be user-pro- 
grammed to be output onto one of two ports, DXA 
or DXB. Correspondingly, either TSCA or TSCB. is 
also Low. 








Receive PCM Interface 


The Receive PCM interface logic (see Figure 6) controls 
the reception of data from the PCM highway and trans- 
fers it for expansion (u-law or A-law) to the Receive 
Signal Processor. The operation of this interface is iden- 
tical to the Transmit section. 


The Frame Sync (FS) pulse identifies the beginning of 
a Receive frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable 
Receive Time Slot and Receive Clock Slot registers. 
The Time Slot register is normally 5-bits wide and allows 
up to thirty-two 8-bit channels (using MCLK=2.048 
MHz) in each frame. But in the expanded mode, 6 bits 
may be programmed to give sixty-four 8-bit channels 
(using MCLK=4.096 MHz) in each frame. The ex- 
panded mode bit becomes the sixth bit of the Time Slot 
register. If this bit is Low, one of channels 0 to 31 is 
selected and if it is High, one of channels 32 to 63 is se- 
lected. This only applies if MCLK is 4.096 MHz. This 
feature allows clock frequencies of 2.048 MHz or 
4.096 MHz in a system. The MSB of the code must be 
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received first. The Clock Slot register is 3-bits wide and In the Am7905A, the PCM data may be user- 
may be programmed to offset the Time Slot assignment programmed to be input from one of two ports, DRA 
by 0 to 7 MCLK periods to eliminate any clock skews in or DRB. 

the system (see Figure 7). 
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Figure 1. Single-Channel Subscriber Line System 
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Figure 2. SLAC Block Diagram 





Transmit Signal Processor 


X GX 
Filter iE Filter 






To 
Transmit 
PCM 
Interface 






Digital p- 
Law/A-Law 
Compressor 







Decimator 






Vin @ Prefilter 



























From Serial B 
I/O Interface Filter 
From Receive 
Signal Processor 
Figure 3. Transmit Signal Processor en 
0 DXA 
From ATSA 
Transmit Output Port 1S0K 
Signal Register Selection o DXB 
Processor 
0 TSCB 
FS 
Time Slot Time & Clock From 
Control Slot Register Serial I/O Interface 
MCLK © 
Figure 4. Transmit PCM Interface 070048-06 


2-44 Am7905A Data Sheet 


FINAL 


Receive Signal Processor 


Inthe receive path (see Figure 8), the digital signal is ex- 
panded, filtered, converted to analog, and output onto 
the Vour pin. 


The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The Z, R 
and GR are user-programmable filter sections and their 
coefficients are stored in the coefficient RAM. These fil- 
ters may be made transparent when not required in a 
system. 


«q— [ime Slot 0 
| Clock Slot 0 
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The low-pass filter band-limits the signal. The GR filter 
allows the user to program a loss of up to 12 dB with an 
accuracy of 0.051 dB. The R filter is a 4-tap FIR section 
and is part of the frequency response correction net- 
work. The Z filter provides feedback from the Transmit 
Signal Processor to the Receive Signal Processor and 
is used to modify the effective input impedance to the 
system. The interpolator provides the higher sample 
rate to the D/A converter. 
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Figure 5. Transmit PCM Timing Diagram 
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Figure 6. Receive PCM Interface 
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Figure 7. Receive PCM Timing Diagram 
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Figure 8. Receive Signal Processor 


The interface consists of 3 pins, CS, DCLK, and Dio. The 


Serial I/O Interface 


A microprocessor may be used to program the SLAC 
and control its operation using the Serial I/O Interface 
(see Figure 9). Additionally, data programmed previ- 
ously may be read out for verification. The control word 
format is shown in Table 1. Commands are provided to: 


= Set active/inactive modes 

= Set up test functions 

® Set up operating functions 

= Program filter coefficients 

ws Assign time slots and port selection 
ws Write to the SLIC latch 


a Enable/Disable each user-programmable filter 


device is accessed by CS and data is serially loaded-in 
or read-out on Dio under control of DCLK. Either com- 
mands or data words may be written to the SLAC, but 
only data words can be read out. All words are 8-bits 
wide and are written or read MSB first (see Figure 10). 


For both reception or transmission of words, exactly 8 
Data Clock cycles must be received after CS goes Low. 
CS must stay High (off period) for a minimum time pe- 
riod before it can go Low again (see Note 4 under 
Switching Characteristics). During this off-period, the 
logic decodes and executes the command. All reading 
of data by the SLAC must be preceded by an input com- 
mand requesting the data. Once control data transmis- 
sion has begun, no new input commands will be ac- 
cepted until control data transmission is completed. 
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A Serial I/O cycle is defined by transitions of CS and 
DCLK. Upon proper application of power supplies and 
MCLK, the device expects the first word to be a com- 
mand. A number of commands require additional data 
words to be input or output. The SLAC will not accept 
new commands until all this data has been transferred. 


There are two possible operations of DCLK and CS for 
the SLAC to function correctly. If the CS is held in the 
High state between accesses, the DCLK may free run 
with no change to the internal control data. Using this 
method, the same DCLK may be run to a number 
of SLACs and individual CS lines will select the appropri- 
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Figure 9. Serial I/O Interface 
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ate device to access. If the DCLK is held in the Lowstate 
between accesses, the CS line may make multiple 
transitions between accesses for a particular SLAC. 
This allows running one CS line to all SLACs and select- 
ing a particular device through enabling or disabling its 
DCLK. 


It should be noted that the DCLK can stay in the Low 
state indefinitely with no loss of internal control informa- 
tion. However, it should not be held in the High state for 
more than 20 p's to ensure proper operation as indicated 
by the Switching Characteristics Table. 
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Figure 10. Serial I/O Interface Timing Diagram 
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Table 1. Command Summary 





The Serial I/O Interface consists of Data Input/Output, 
Data Clock and CS Input. Data is read in (read out) on 
the Serial Data Input (output). The Serial Input consists 
of 8-bit (byte) command words which may be followed 


further information about the command. The classes of 
command are: 


D; Ds Ds 


with additional bytes of input data or may be followed by 0 0 0 Inactivate/No Operation 
the SLAC outputting bytes of data. All words are input 0 0 1 Transmit Time Slot Selection 
with MSB (Dv) first and LSB (Do) last. Alloutputsare out- 1 0 Receive Time Slot Selection 
put with the MSB (Dy) first and the LSB (Do) last. Words © 1 1 Clock Slot and Gain Selection 
are written or read one ata time, with CS going High for 1 0 0 ie cua 0 ane 
* 3 wits perating 
at least the minimum off-period (see Switching Charac- Functions and PCM Modes 
teristics) before the next read or write operation. The 1 0 1 Read/Write Coefficients, Set 
first 3 bits of the command word indicate the type of Test Modes, Select p-law/A-law 
command and the last 5 bits contain either data or 1 1 0 Data for SLIC Interface 
1 1 1 Activate/No Operation 
MSB_ Dr De Ds Ds Ds D2 Di Do LSB 
0 0 O 0 0 0 0 0 Inactivate 
0 0 1 be? Tek OF Transmit Time Slot Selection Choose 1 of 32 Time Slots 
0 1 #O T T T T OT Receive Time Slot Selection Choose 1 of 32 Time Slots 
o 1 1 0 0C C C Transmit Clock Slot Selection Choose 1 of 8 Clock Slots 
o 1 1 0 1cCCC Receive Clock Slot Selection Choose 1 of 8 Clock Slots 
o 71 1 1 0 0 1 #0 Transmit Gain Selection (GX) Followed by 2 Bytes of Data 
o 1 1 1 1 0 1 «0 Receive Gain Selection (GR) Followed by 2 Bytes of Data 
o 1 $1 1 01 0 1 Read Transmit Time and Clock Slot Followed by 1 Byte of Data 
o 1 1 1 0 0 0 1 Read Transmit Gain (GX) Followed by 2 Bytes of Data 
o 1 1 1 1 71 #0 1 Read Receive Time and Clock Slot Followed by 1 Byte of Data 
o 1 1 1 1 0 0 1 Read Receive Gain (GR) Followed by 2 Bytes of Data 
o 1 1 10714 1 1 Read PCM Mode Followed by 1 Byte of Data 
1 #0 0 0 BX R Z Enable Filters 
1 0 0 1 Dra Dx Rex Tx PCM-Mode Selection 
1 0 1 0 0 0 0 0 © Write B Coefficients Followed by 12 Bytes of Data 
-41 0°41 0 0 1 0 #0 Write X Coefficients Followed by 8 Bytes of Data 
1 0 1 0 1 0 0 0 Write R Coefficients Followed by 8 Bytes of Data 
1 0 1 o 1 1 0 0 Write Z Coefficients Followed by 8 Bytes of Data 
1 #0 1 0 0 0 1 1 Read B Coefficients Followed by 12 Bytes of Data 
1 0 1 0 01 1 1 Read X Coefficients Followed by 8 Bytes of Data 
1 0 1 o 1 0 1 =«1 Read R Coefficients Followed by 8 Bytes of Data 
1 0 1 oO 11 #71 «7 Read Z Coefficients Followed by 8 Bytes of Data 
1 0 1 1 0 0 0 0 Reset to normal conditions 
1 0 1 1 0 0 0 1 Add -6 dB to receive gain 
1 0 1 100 1 0 Cutoff receive path 
1 #0 1 1 $01 1 ~=1 Test mode—analog loop-back 
10 1 1 01 0 0 Test mode—digital loop-back 
1 #0 1 1 0 0 1 1 Disable High-Pass Filter (set to 1) and 
freeze auto-zero circuit 
1 0 1 110 0 0 Choose A-law 
1 #0 1 1 $1 0 0 1 Choose p-law 
1 #0 41 1 1 1 #71 «0 Set device to operate with MCLK = 2.048 MHz 
10 1 1 $114 1 =«1 Set device to operate with MCLK= 4.096 MHz 
1 1 #0 Cc C CC C Outputs to SLIC 
1 #161 1 #41 #1 «41 Activate 
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Am7905A Detailed Serial 

Command Definitions 

Inactivate (Standby Mode) 

MSB LSB 


In the inactive mode, none of the programmed informa- 
tion is changed and the analog output is set to 0 V 
through a moderate series impedance. The Serial I/O 
remains active, the SLIC control outputs remain valid, 
and the PCM outputs are high impedance. 


' Activate (Operational Mode) 





Valid PCM data is not transmitted until after the second 
FS pulse is received following the execution of the Acti- 
vate command. 


Transmit Time Slot Selection 
MSB LSB 


poto fit u{ uta] mt te 


Bits Ts through To select one of 32 time slots. 


Transmit Clock Slot Selection 
MSB LSB 


Poti ti fofofatal a| 


Bits Cz through Co select one of eight clock slot offsets 
within the time slot. 


AMD cl 


Read Transmit Time and Clock Slots 


Command 
MSB LSB 


Leone te Mi] oy 0 fae 
Output Data 


Byte 1 


The transmit time and clock slots are read out time slot 
first, followed by clock slot. 


Receive Time Slot Selection 
MSB LSB 


pots tofu] mi mw] tr] tI 


Bits Ts through To select one of 32 time slots. 


Receive Clock Slot Selection 
MSB LSB 


pot rt stot itay al o| 


Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 


Read Receive Time and Clock Slots 


Command 

MSB LSB 
Ete te ee ae eee 
Output Data 


Byte 1 


The receive time and clock slots are read out time slot 
first, followed by clock slot. 
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Write GX Filter Coefficients Write PCM Mode Selection 


Command MSB LSB 


MSB LsB pt fo fo Tt [oe] & | Rex] Tex) 
PO ete et po OM Tete Receive Port: Dra=0: PCM data is input on DRA. 


Dr=1: PCM data is input on DRB. 


=3 
3 
c 
- 
i=] 
© 
- 
FX) 


Transmit Port: Dx=0: PCM data is output on DXA. 
Dx=1: PCM data is output on DXB. 


Cao = Mao Cao Mao Byte 1 
Coo M0 Byte 2 Receive Rex=0: Reset Receive Expanded Mode. 
Expanded Mode: Rex=1: Set Receive Expanded Mode. 
? Transmit Tex=0: Reset Transmit Expanded Mode. 
Read GX Filter Coefficients 


Expanded Mode: Tx=1: Set Transmit Expanded Mode. 


Command 
“se = Read PCM Mode Selecti 
cs si pe eee ee 
Command 
Output Data MSB LSB 
eon 2) ta Ot tf ahi 
Cao Mo Cao = Mao Byte 1 
es Gio is Byte2 Output Data 
Write GR Filter Coefficients ptt fa ft [be [ox | Rec] Tex 
| Command 
MSB LSB Enable Filters 


Lott ii tits fot ital MSB LSB 
pi fo fo |} o jes] ex] en| ez | 


put Data BFilter, | EB=0: B filter disabled. 
: é EB=1: 8B filter enabled. 
Cayo = Mo C3a0 = Mao Byte 1 : . : 
Byte 2 X Filter: EX=0: X filter disabled. 
Coty is Gio 10 yt EX=1: X filter enabled. 
R Filter: ER=0: R filter disabled. 
Read GR Filter Coefficients ER=1: R filter enabled. 
Z Filter: EZ=0: Z filter disabled. 
Command EZ=1: Z filter enabled. 
MSB LSB 
ER ER ER EES TEP Ee 
Output Data 
Cao Mao Cao = M0 Byte 1 
Cro Mz2o Cro Mio: Byte 2 
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Write Test Mode Selection 
MSB LSB 


pr tots ftrfoftn] ny] tm 


T3 T2 T1 Function 


0 O 0 Reset to normal conditions as follows. Receive 
gain is set to the value stored in the GR 
register. Aneieg and digital loopback modes 
are reset. The high-pass filter is enabled and 
the auto-zero circuit is operational. The 
receive path is not cutoff. 


0 O 1. Add-6 dB to receive gain. 
0 1 O Cutoff receive path. 


Disable high-pass filter (set to 1) and freeze 
auto-zero circuit. 


1 0 0 Activate digital loopback. 
1 1. 1. Activate analog loopback. 
Select PCM Coding 
MSB LSB 


Bit B selects the type of PCM code to be used. 
For the Am7905A: B=0: A-Law. 
B=1: p-Law. 


Write SLIC Output Registers 
MSB LSB 


Pi [+ te[elelapala, 


Write B Filter Coefficients 


Command 
MSB LSB 


EEE REAR e es 


Input Data 





AMD a | 
Read B Filter Coefficients 


Command 
MSB LSB 
Fiftot:i1fofofof{irfi| 


Output Data 


Lc» me cm med yte 
eo 4 | ot 
27 


| | | | | 
[ce me Tce tw yte 12 


Write X Filter Coefficients 


Command 
MSB LSB 


pt toftitotoftif of} o 


Input Data 





Read X Filter Coefficients 


Command 


MsB ( LSB 
fess [Oe ae ee et] 
Output Data 


| | | | | | 
| | | | | | 
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Write R Filter Coefficients 


Command 
MSB LSB 


tee a0] a] os Poe | 


Input Data 





Read R Filter Coefficients 


Command 
MSB LSB 


Penola so a [sea 


* Output Data 


[ce me cs ms Byte 


C20 Mz2o Cio Mio Byte 8 
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Write Z Filter Coefficients 


Command 
MSB LSB 


pt tots toftiftil of oa 


Input Data 





Read Z Filter Coefficients 


Command 
MSB LSB 


si eso. ote [et ab 
Output Data 


[co me Tics ms yt 
or I ot 
| | | | | sl 
Lc» ms Ge me J aytee 


Select MCLK Frequency 

MSB LSB 
pao ea ae) ae 
Bit C selects the MCLK frequency to be used. 


C=0: MCLK=2.048 MHz 
C=1: MCLK=4.096 MHz 


3 
0 
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Figure 11. SLAC Signal Processing Flow 


Digital Filters 
The SLAC uses digital signal processing to implement 
the various filters (see Figure 11). 


The advantages of digital filters are: 
8 High reliability 


No drift with time or temperature 
= Unit-to-unit repeatability 
s Superior transmission performance 


Six of the digital filters in the signal processing sections 
are user-programmable. These allow the user to inde- 
pendently modify the gain in both the transmit and 
receive paths, provide trans-hybrid balancing in the 
system, and adjust the two-wire line termination impe- 
dance. This programming capability feature allows the 
user to optimize the performance of the SLAC for his 
system. 


General Description of CSD Coefficients 


The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and 
summing the result with the previous value at that sum- 
mation node. The method used in the SLAC is known as 
Canonic Signed Digit (CSD) multiplication and splits 
each coefficient into a series of CSD coefficients. 


Each programmable filter section has the following gen-- 
eral transfer function: 


HF(z) =ho + hiz-! + haz?+...+hnz (1) 
where the number of taps in the filter = n + 1. 


The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is de- 
fined in the following general equation: 


hi=Bi2™" + Bo2-M2 4 + BN2MN, (2) 
where: 
the number of shifts=Mi < Mi.: 
sign=Bi= +1 


N=Number of CSD coefficients. 


The value of hiin (2) represents a decimal number which 
is broken down into a sum of successive values of: 


+1.0 multiplied by 2~, or 2-', or 2-7...2-7... 
or 
+1.0 multiplied by 1, or 1/2, or 1/4...1/128.... 


The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 


The coefficient hi in Equation 2 can be considered to 
be a value made up of N binary 1s in a binary register 
where the leftmost part represents whole numbers, the 


SLAC/DSLAC Products 2-53 


at amo 


rightmost part represents decimal fractions, and a deci- 
mal point separates them. The first binary 1 is shifted Mi 
bits to the right of the decimal point, the second binary 1 
is shifted Mz bits to the right of the decimal point, the third 
binary 1 is shifted Ms bits to the right of the decimal point, 
and so on. ' 


Note that when M1 is 0, the resulting value is a binary 1 
in front of the decimal point, that is, no shift. If Mz is also 
0, the result is another binary 1 in front of the decimal 
point, giving a total value of binary 10 in front of the 
decimal point (i.e., a decimal value of 2.0). The value of 
N, therefore, determines the range of values the coeffi- 
cient hi can take; for example, if N=3 the maximum 
and minimum values are +3, and if N=4 the values are 
between +4. 


Detailed Description of SLAC Coefficients 

The CSD coding scheme in the SLAC uses a value 
called mi, where m1 represents the distance shifted right 
of the decimal point for the first binary 1, m2 represents 
the distance shifted to the right of the previous binary 1, 
and ms represents the number of shifts to the right of the 
second binary 1. Note that the range of values deter- 
mined by Nis unchanged. Equation 2 is now modified (in 
the case of N=4) to: 


hi=Bi2-™1 4 Boo-M2 4 Bs0-M3 4. Byo-M4 (3) 


hi =C12-™! 4. CyCo2-m1 +M2) 4. C4 CoC g2- (mnt + m2 +m3) 
+ C1C2CgC42-(n1 + m2 +m3 +m4) (4) 


hi=C12-™ . [4 + C227. (1 + Ca2-™ (1. 4+ C42-™ )}]} (5) 


where: 
Mi=m1 and Bi=(C1 
M2 = m1 + m2 B2=C1- Ce 
Ms = m1 + m2+ m3 Bs = C1- C2-Ca 


B4 = C1-C2-Csa- C4 
In the SLAC, a coefficient hi consists of N CSD coeffi- 
cients, each being made up of 4 bits and formatted as 


Cyymxy, where Cyy is one bit (MSB) and my is 3 bits. 
Each CSD coefficient is broken down as follows: 


M4 = m1+ mo+ms3+ m4 


Cyy _ is the sign bit (0 = positive, 1 = negative). 
Mx _ is the 3-bit shift code. It is encoded as a 
binary number as follows: 


000: illegal 

001: 6 shifts 
010: 5 shifts 
011: 4 shifts 
100: 3 shifts 
101: 2 shifts 
110: 1 shift 

111: 0 shifts 

y is the coefficient number (the i in hi). 
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x is the position of this CSD coefficient within 
the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 
x = 1. The next most significant binary 1 is 
represented by x = 2, and so on. 


Thus, Cismia represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(hs) coefficient. 


The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, and Z filter, and 3 for the B filter. Note also 
that the GX filter coefficient equation is slightly different 
from that of the other filters: 


hiex = 1+hi (6) 


Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 


Two-Wire Impedance Matching 

A feedback path is provided from the transmit to the re- 
ceive section via the Z filter. This filter may be pro- 
grammed to modify the effective termination impedance 
(Zsuc) of a SLIC or a transformer hybrid to a desired 
value. The desired impedance may be complex. This 
feature allows the user to terminate each SLIC in a Sub- 
scriber Line System with a fixed resistor and digitally 
modify their impedance using the Z filter. 


The X and R filters are the Transmit and Receive attenu- 
ation distortion correction filters. These filter sections 
are programmed to compensate the attenuation distor- 
tion caused by the Z filter. 


Trans-Hybrid Balance 

In a traditional line card system, a balance network is 
used with the SLIC to achieve trans-hybrid balancing. If 
the balance network perfectly matches the subscriber's 
line, infinite trans-hybrid balancing is achieved. But in 
general, the matching in traditional systems is poor and 
trans-hybrid balancing is not very good. Some systems 
have up to 2 or 3 compromise networks per line that 
must be selected semi-automatically or manually to pro- 
vide the balance. 


In the SLAC, a feedback path is provided from the re- 
ceive to the transmit section via the B filter. This filter 
may be programmed to cancel the received signal from 
the transmit signal path and achieve a significantly im- 
proved level of trans-hybrid balance. 


Gain Adjustment 


Signal levels in the transmit and receive paths may be 
modified by programming the GX and GR filters. The GX 
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filter allows the user to add up to 12 dB of gain (with an 
accuracy of 0.051 dB up to 10.4 dB and +0.15 dB up 
to 12 dB) in the transmit path. The GR filter allows the 
user to add up to 12 dB of loss (with an accuracy of 
+0.051 dB) in the receive path. 


Test Features 

The SLAC simplifies system testing by providing both 
digital and analog loop-back paths. Under program con- 
trol, eitherthe DRA or DRB input is looped to the DXA or 
DXB output (digital loop-back) through a path from the 
output of the interpolator in the receive path to the input 
of the decimator in the transmit path. The Vin input is 
looped to the Vour output (analog loop-back) through the 
Zfilter. To allow testing of the subscriber loop cabling for 
leakage, the transmit high pass filter may be disabled 
and auto zero operation interrupted. The receive analog 
output may be programmed to open-circuit or cut off the 
receive path. This receive cut-off command may be 
used to stop oscillations in the four-wire side of the tele- 
phone network. 


The SLAC contains an auto-zero circuit in the A/D con- 
verter which takes several seconds to settle following a 
change in the offset voltage at Vin. To facilitate compo- 
nent testing of the SLAC, there is a test mode available 
to accelerate settling of the auto-zero circuit. This test 
mode is activated by holding the CS input at —5 V for at 
least 64 ms with the offset voltage applied to Vin (and no 
signal). The auto-zero will settle in this time. Ina compo- 
nent test environment, this procedure should be fol- 
lowed after programming the filters. 


Note: The digital loopback (DLB) path processes an internal 
data word 2-bits shorter than in normal mode. Therefore, 
DLB signal processing performance is not equivalent to 
normal mode signal processing and does not meet the 
specified transmission specifications. DLB is recommended 
for use with 0 dB programmed gain/attenuation and PCM 
signal levels above -25 dBm0. 


Standby Mode 

The SLAC is forced into the standby mode either by a 
hardware reset applied to the DCLK input or by recep- 
tion of the Inactivate command. In this mode, power is 
switched off from all circuitry that can be turned off. No 
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transmission or reception of PCM data takes place. 
However, the circuits which contain programmed infor- 
mation retain their data. The Serial I/O Interface re- 
mains active to receive new commands. 


Power-On Clear 

Before any other commands are written to the SLAC, 13 
Inactivate commands should be sent to the serial port of 
the SLAC in case the SLAC powers up in the middle ofa 
read sequence. Alternatively, a hardware reset opera- 
tion can be carried out by applying —5 V to the DCLK pin. 
A loss of MCLK should be treated like a loss of power. 


Stand-Alone Mode 

Inthe stand-alone mode, the serial interface is not used. 
The DCLK and Dio pins may be used to control the 
device. Applying —5 V to the DCLK pin resets the device 
and the Dio pin can subsequently be used to power-up or 
power-down the SLAC. 


DCLK Dio 
0 Xx Normal Mode 
1 Xx Normal Mode 
-5V 0 Reset and Power-Down 
-5V 1 Reset and Power-Up 
Reset State 


The Reset State of the device is: 


a. Both Transmit and Receive, Time and Clock Slots 
are set to 0. 


b. A-law is selected. 
c. B,X,R, Z filters are disabled. 


d. Both Transmit (GX) and Receive (RX) gains are 
set to unity. 

e. SLIC outputs (Cs—C;) are set High. 

f. Normal conditions are selected. 

g. DXA/DRA ports are selected. 

h. Device operates with 2.048-MHz clock only. 





SLAC/DSLAC Products 2-55 


&< amp FINAL 


u-Law: Positive Input Values 


Val t Decisi tat Character Decoder 
Segment | of Intervals Pi Sateen ; een Decision Signal (5) Mae Ata 


End Points | Number n Xn (1) Bit Number 
12345678 


aaa ae 
(8159) 
10000000 
7903 . 
16x 256 2 
4319 
10001111 
! 4063 
16x 128 : @) 
7 2143 : 
10011111 
2015 : 
16x64 : : 
1055 
10101111 


Number X Interval Output Value 


yn (3) Number 


991 : 
16x32 : 
511 
10111111 
479 : 
16x16 : : : 
239 
11001111 
223 
: : i (2 
16x8 i : gS) 
103 
ree ee 
oe 
16x4 ; 
35 
ices ee Oe 
i : (2 
15x2 : : : @) 
. 1444410 


ee at 


Notes: 1. 8159 normalized value units correspond to Twax=3.17 dBmo. 


ue) 


Le) 
~~ ~— 





2. The character signal corresponding to positive input values between two successive decision values numbered n and n + 1 
(see column 4) is (255 —n) expressed as a binary number. 


3. The value at the decoder is yo=X0=0 for n=0, and Yasone el tor n=1,2,..., 127. 
4. X28 is a Virtual decision value. 2 
5. Bit 1 is a O for negative input values. 
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A-Law: Positive Input Values 


a a a aS ame a (SE ae (ee ee eS a 


Character Signal 
Number ; Value at Decoder 
of Intervals Value at Decision Decision Before Inversion Decoder Output 
X Interval Segment Value Value of the Even Bits fi 


> F Output Value 
End Points | Number n Xn (1) , eee ‘ yn (3) Number 


Segment 
Number 





111111114 


16x 128 


1 VEO 


Ra 


11010000 


11000000 


10110000 


10100000 


i (2) 


a 





Notes: 1. 4096 nomalized value units correspond to Tmax=3.14 dBmo. 


2. The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character 
signal corresponding to positive input values between two successive decision values numbered n and n +1 (see column 4) is 
(128 + n) expressed as a binary number. 


The value at the decoder output is ya= 2"-1+*"_ for n=1,..., 127, 128. 
4. X12. is a virtual decision value. 2 
Bit 1 is a O for negative input values. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. —60 to 125°C Commercial (C) Devices 
Ambient Temperature under Bias ........ 0 to 70°C Ambient Temperature (Ta) ............- 0 to 70°C 
Vcc with respect to DGND .......... —0.4 to +6.0 V Vee Rahety os washes ase eee sae +5.0 V+5% 
Ves with respect to DGND .......... +0.4 to-6.0 V Veen cies paaig Sas a oo Shee gree yer ies —-5.0 V 45% 
Vin with respect toAGND ............. Vee to Vec DGND iia eee ended ets ei heat OV 

AGND: 4 3 iste ss cide nate se gs DGND +100 mV 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range (Note 1) unless otherwise specified 


Parameters| Description | TestConditions | _min_| Typ | Max_| Units 


Zin Analog Input Impedance -3.2 V<Vin<3.2V | 20 | 


et a i 


Zout Analog Output Impedance -3.2 V<Vour<3.2 V le ee eS Q 


Vir Analog Input Voltage Range hice oe a 


Voos Analog Output Offset Voltage 








mV 


es es 

Vor Analog Output Voltage Range Ri2= 10 kQ, C.<50 pF re Vv 
Vit Input Low Voltage (All Digital 

Inputs Except DCLK in Stand 

Alone Mode and CS in Auto-zero 

Speedup Mode) V 
Vin Input High Voltage (All Digital Inputs) aes Eee Vec | V 
Vow Output Low Voltage 

(All Digital Outputs) lo=2 mA V 
Von Output High Voltage 

(All Outputs Except TSC) lon= 400 PA Vv 
lec (S) Vcc Supply Current (Standby) ae ae ee mA 
les (S) Ves Supply Current (Standby) Vec= 5.25 V ae ee ee mA 
lee (A) Vee Supply Current (Active) Ves=—4.75 V ee eee (ee mA 
Isp (A) Ves Supply Current (Active) ee mA 
PSRR Vee Power Supply Rejection Ratio ie dB 

200 mV p-p @ 1.02 kHz 

PSRR Ves Power Supply Rejection Ratio ear A aa po ff ae 


Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. Min and max specifications are over the temperature and supply voltage 


ranges shown in the above table entitled “Operating Ranges.” 
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TRANSMISSION CHARACTERISTICS 


All specifications are guaranteed with 0 dB<GX<+12 
dB, -12 dB< GR<0 dB and A-law or u-law companded 
PCM, unless otherwise specified. 


When GR=0 dB, a 1020-Hz sine wave signal with level 
of 0 dBm0 at the digital input will correspond to an rms 


voltage of 1.6 V for A-law and 1.588 V for p-law at the 
analog output. When GX =0 aB, a 1020-Hz sine wave 
signal with rms voltage of 1.569 V for A-law and 1.557 V 
for p-law at the analog input will correspond to a level of 
0 dBm0 at the digital output. 


Description Test Conditions | min { Typ] Max Units 
Attenuation Distortion 1020 Hz @ -10 dBm0 = (see Fig. 12) ats 


a. Deviation from ideal value 1020 Hz @ -10 dBm0 : +0.2 dB 
b. Deviation from initial value 5 +0.2 dB 
Group Delay Distortion (either path) -10 dBm0 signal a (see Fig. 14) — 


Intermodulation Distortion . (Note 2) ze dB 
b. fae 3) —49 dBmo 


Gain (either path) 


Crosstalk 








a. Go-to-Return Path 300-3400 Hz, 0 dBm0 -90 -70 dB 
b. Return-to-Go path 300-3400 Hz, 0 dBm0 —90 -70 dB 


& 17) dB 


Signal to Total Distortion (either path) 


(see Fig. 16, 
18, & 19) dB 


u-Law Companded PCM 





Notes: 1. Applied signal is a 0-dBm0 sine wave within 300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz. 


2. Two different frequencies, fz and f;, in the range 300-3400 Hz and of equal levels in the range —4 to—21 dBm0 are applied. 2f1—fz 
products are measured relative to the level of either f: or fz. 


3. Any intermodulation product due to a signal in the range 300-3400 Hz with input level -9 dBm0O anda 50-Hz signal with input level 


-23 dBmo. 
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Attenuation 
(dB) 


0.15 
0 
—0.15 





200 300 3000 3400 3600 
Frequency (Hz) 





Transmit Path Only 


Note: Measured per CCITT Rec. G.714 Paragraph 7. 


Figure 12. Attenuation Distortion Transmit or Receive Path 07004B-014 


Attenuation 
(dB) -40 





1 2 3 4 5 6 7 8910 20 30 40 50 60 7080 
Frequency (kHz) 


Notes: 1. The frequency is 1020 Hz. ) 
2. Input signal level is 0 dBm0. 


Figure 13. Out-of-Band Signals (End-to-End) 07004B-015 
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as | “2 SLAC Specification 
(Either Path) 


Delay 
(us) 


150 


85 





0 500 600 1000 2600 2800 


Note: Minimum value of group delay is taken as reference. 


Figure 14. Group Delay Distortion (Either Path) 07004-016 






1.4 

Gain 
Variation 

(dB) 

0.5 

0.3 

: Input Level 
-55 -50 -40 (aBm0) 
—0.5 
—1.4 
Note: Measured per CCITT Rec. G.714 Paragraph 15. 
Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path veer ee 
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35 


29 


Signal-to-Total 24 
Distortion 
Ratio (dB) 





—45 -40 -30 0 
Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 14. 








07004B-019 
Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path 
a. Noise Test Signal b. Sinusoidal Test Signal 
+0.5 
0.3 
0.35 Gain 
Variation 0 
0.25 (dB) 
-0.3 
Gain 
Variation 9 are rere 
(dB) -10 +3 
Input Level (dBm0) 
-0.25 
-0.35 
-0.5 
Input Level (dBm0) 
Note: Measured per CCITT Rec. G.714 Paragraph 15. 070048-018 


Figure 17. Gain Tracking with Noise (Method 1) Transmit or Receive Path 
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Signal-to-Total 
Distortion 
Ratio (dB) 


0 -55 —40 -34 ~27 -6 -3 0 
Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 14. 


Figure 18. Signal-to-Total Distortion With Noise 07004B-020 
(Receive Path—Method 1) 


Signal-to-Total 
Distortion 
Ratio (dB) 





Input Level (dBm0) 


Note: Measured per CCITT Rec. G.714 Paragraph 14. 


Figure 19. Signal-to-Total Distortion With Noise 
(Transmit Path—Method 1) 


07004B-021 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Ta=0 to 70°C, Vec=+5 V +5%, Ves=—5 V +5% (see Notes 1, 5 & 6) 


Serial Interface Input Mode 


[ccs] Data Glock High Pulse Width (Noted) [0220] —~—S«rYT Sid 
Foc. | Data Clock Low Pulse Width (Note 2) | 0220 [| _—+[| + 
[fie Time of Clock ——SSC*dSC‘SC*S 
ae 

ar 
















ns 


ICSH Chip Select Hold Time 


tiest Chip Select Pulse Width (Notes 3 & 7) 

Chip Select Off Time after byte written to or 
before byte read from B, Z, X, R, GX, or GR 
in Active mode. 

MCLK = 2.048 MHz 

MCLK = 4.096 MHz 

Otherwise: 

MCLK = 2.048 MHz 7 tucy 
MCLK = 4.096 MHz 14 tucy 


tos Input Data Setup Time | 50 
Input Data Hold Time 
Output Latch Propagation Delay 


Serial Interface Output Mode 


8 tocy 


ticso 






















32 tucy 
64 tucy 










ie) 
=k 


ton 


ay odor | oe 
2 i 
ao Pol 













[ioe | OhipSelectSctuptime—=S=~=~=~“‘idSC*‘aSCSd 

ftocss | ChipSelectHoldTime _——=—SS«d|~SS=CiSO 
[toca] Chip Select Pulse Width WotesS&7) [| =| =< aw 
tocso Chip Select Off Time After Byte written to or 


before byte read from B, Z, X, R, GX, or GR 

in Active mode. 

MCLK = 2.048 MHz 32 tucy 
MCLK = 4.096 MHz 64 tucy 
Otherwise: 

MCLK= 2.048 MHz 7 tucy 
MCLK = 4.096 MHz 14 tucy 
















ftw | Output ataTumon ely S| SY SCS 

[toon | OutputDataHoldTime —————SCid|~SO | CT CS 
[tooor | OutputTumoffDelay TCT CTC 1 
[tooe | OuputDetaveld CT 

PCM Interface 

fie | Frame SynoSouptime STO OdTSSSCSCSC*«dSC«w 80) 
[ten __| Frame Syne Hold Time (Companded Mode) |__ 90 | _———*dY—(@ tux 80) | 
ftiso | Delayto TSC Vaid (Note4) | Nt 90) | (Nt +150) | 
[tse | DelaytoTSC On (High Impedance) | 30 «| | 
[tow | POMDataOutputDely S| 8 TSC*dSCC‘OS 
low | POMData OutputHoldTime S| 30ST SSSSCdECSCSSCTOOC*” 
[toa | POMDataOutputDelaytoHignz «| 45s S| OC 
[tons_| PCMDatainputSetupTime ——*{ so =f «| Cid 
fem | POMDataputHoaTime ToT 
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SWITCHING CHARACTERISTICS (continued) 
Master Clock (2.048 MHz) 

















tue Master Clock Low Pulse Width | 238 fl lt 
[= a TA 
fer] Fai oie 





[Waster Clock High Pulse Wath [|_| 


Notes: 1. Min and Max values are valid on all digital outputs except Cs—C; with a 150-pF load. Cs—C; outputs are valid with a 30-pF 
load. 






2. The Data Clock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or out 
while the clock is in the Low state. 


3. Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + tics + tiess and 
a maximum value of 9 Data Clock Cycles —ticsu—ticss. 


. TSC is delayed from FS by a typical value of N tucy, where N is the value stored in the Time/Clock Slot register. 

. The Frame Sync pulses repeat at an 8-kHz rate. 

. FS and MCLK must be synchronized and exactly 256 cycles of MCLK must be guaranteed between Frame Syncs. 
. tocy is 1 Data Clock Cycle. 


NO On f 





SWITCHING WAVEFORMS 


Input and Output Waveforms Master Clock Timing 
For AC Tests 


2.4 


2.0 Test 2.0 
0.8 Points 0.8 


0.45 


07004B-022 





07004B-023 
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Serial Interface (Input Mode) 


DCLK 


ans SS 
nput 

Mode —— $$ 
Outputs Data 

Cs-C, Valid 





07004B-024 


Serial Interface (Output Mode) 


‘: 7" y \ 
DCLK 
Vit 
rm Leal 


@o— 


(7) 
Dio 
Aree Three-State Vou 7 Data (\)) J Data Data ' Three-State 
Mode) Vo. Valid AWWA. Valid Valid 


07004B-025 
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Time Slot Zero 


Clock Slot Zero 
0 
Vin 
MCLK 


FS 


| : 
@ 
Vo 
DXA/DXB 


@ 
1H 
. Kt) 
A 
IL 





Ae 
Be 
“Tr 


First Bit 
Vo 


@ ) 


core XXXXOOOKRKKXNNY EHH SOR ERK YH 


XXX 
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8-Channel Subscriber Line Card 


To/From Other 
Equipped Channels 


Vin 
Vour 


150 — 
Am7905A 
SLAC a 


Subscriber z= AX (TIPX) 
Line 1 BX (RINGX) 





PCM 
Highway 
A 

















PCM 


| TT Highway 
B 





Vix Vv _DXA 
a aa ae TSCA 


‘ ch = 
TSCB 


Am7905A 
DRA 
= te 
Dio 
ei os al 
1 


1/0 Ports 


Line Card 
Controller 


Subscriber[—_ AX (TIPX) 
Line 8 BX (RINGX) 





Link to Higher 
Level Processor 
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Am79C02/3(A) 


Advanced 
Micro 
Devices 


Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device) 


DISTINCTIVE CHARACTERISTICS 
= Software programmable: 
—-SLIC impedance 
—Trans-hybrid balance 
—Transmit and Receive gains 
—Equalization 
—Digital I/O pins 
—Time Slot Assigner 
—PCM transmit clock edge options 
= Adaptive trans-hybrid balance filter 
(Am79C02/3A only) 


mg A-law or u-law coding 


= Dual PCM ports 


—Up to 8.192 MHz (128 channels per port) through 
the PCM Interface 


2.048- or 4.096-MHz master clock 
Direct transformer drive 

Built-in test modes 

Low-power CMOS 


Mixed mode (analog and digital) impedance 
scaling 

Performance characteristics guaranteed over 
12-dB gain range 


GENERAL DESCRIPTION 


The Am79C02/3(A) Dual Subscriber Line Audio- 
Processing Circuit (DSLAC device) integrates the 
key functions of an analog linecard into one program- 
mable, high-performance dual Codec-filter device. The 
DSLAC device is based on the proven design of the 
reliable Am7901A Subscriber Line Audio-Processing 
Circuit (SLAC™ device). The advanced architecture of 
the DSLAC device implements two independent chan- 
nels and employs digital filters to allow software control 


BLOCK DIAGRAM 


Am/79C02 (03) Dual SLAC Device 


Vint ie Signal Processing 


Channel 2 (CH 2) 


C4, SLIC 
Interface 
(SLI) 


(02 Only*) C5. 


*C51 and C52 not on DIP version. 





Channel 1 (CH 1) 
mx Signal Processing -_ 


of transmission, thus providing a cost-effective solution 
for the four-wire-to-PCM section of a linecard. 


Advanced CMOS technology makes the Am79C02/3(A) 
DSLAC device an economical device that has both the 
functionality and the low-power consumption needed by 
linecard designers to maximize linecard density at mini- 
mum cost. When used with two SLICs, the DSLAC 
device provides a complete, software-configurable solu- 


tion to the BORSCHT function. 
PCM 
Highway 


DXA 
DRA 


Time Slot Assigner P TSCA 


(TSA) DXB 


DRB 
TSCB 


FS 
PCLK 


RST (02 Only) 
MCLK 


Microprocessor Interface 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 09875 Rev.F Amendment /0 
Issue Date: June 1992 


CS: CS Dw Dour DCLK 
: 09875E-~001 
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CONNECTION DIAGRAMS 








Top View (Am79C02 only) 
40-Pin DIP 
CHCLK 1e 
C4; 2 
Cir 3 
C2; 4 
C3, 5 
AGND;, 6 
Vins 7 
Vee 8 
Vourt 9 
Vecat 10 
Vecaz 11 
Voure 12 
Vere 13 
Vina 14 
AGND2 15 
RST 16 
C32 17 
C22 18 
Cle 19 
C4, 20 
44-Pin PLCC 
s 

Se nd, oe ee nie Oy 8 <= 6 

8s 588 SBR ess 

SERRE ERE Pp Ye 

ou vt ON a = ¢ 





AGND: DRB 
RSRVD DGND; 
Vint PGND 
Veen TSCA 
Vour: TSCB 
Vecat DXA 
Veocae Vecp 
Vourz Veepz 
Vee2 DXB 
Vine Dour 
AGND: =F QR RSRVD 

Hi Ct LU 
B&sssBaagaxs 
S Ow = 


Note: 1. Pin 1 is marked for orientation purposes. 
2. RSRVD = Reserved pin, should not be connected extemally to any signal or supply. 
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CONNECTION DIAGRAMS 
Top View (Am79C03 only) 


C4, 
C1; 
C2, 
C3, 
AGND 
Vint 
Vees 
Vourt 
Veca 
Voure 
Ver2 
Vinz 
C32 
C22 
Cte 
C4, 


1 
2 
3 
4 
5 
6 
7 
8 


PRELIMINARY 


32-Pin DIP 





32-Pin PLCC 
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CHCLK 
Cs: 
CS. 
FS 
DRA 
DRB 
DGND 
TSCA 
TSCB 
DXA 
Veep 
DXB 
Dio 
PCLK 
DCLK 
MCLK 





Note: Pin 1 is marked for orientation purposes. 
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ORDERING INFORMATION 
Standard Products 


AMD?® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM79C02/3 A 


TEMPERATURE RANGE 
*C = Commercial (0°C to 70°C; 
Relative Humidity = 15% to 85%) 


PACKAGE TYPE 


P = 40-Pin Plastic DIP (PD 040}—Am79C02 Only 
32-Pin Plastic DIP (PD 032}—Am79C03 Only 

D = 40-Pin Ceramic DIP (CD 040)—Am79C02 Only 

J = 44-Pin Plastic Leaded Chip Carrier (PL 044)}—Am79C02 Only 
32-Pin Plastic Leaded Chip Carrier (PL 032)}—Am79C03 Only 


DEVICE OPTIONS 
Blank = Standard Device 
A = Adaptive Trans-hybrid Balance 
DEVICE NUMBER/DESCRIPTION 


Am79C02/3 
Dual Subscriber Line Audio-Processing Circuit (DSLAC Device) 


| s«ValidCombinations Combinations 


Valid Combinations 
ADC, AJC, APC Valid Combinations list configurations planned to 
AM79C02 be supported in volume for this device. Consult the 


oe JC, PC local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 


leased combinations, and to obtain additional data 
AM79C03 APC, PC, JC on the AMD standard military grade products. 





*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended 
Temperature Supplement (page 2-153) for information on industrial temperature range (40°C to +85°C) specifications. 
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PIN DESCRIPTION 

C1:-C51, C12--C52 

SLIC Inputs/Outputs (Inputs/Outputs) 

The five SLIC control lines per channel are TTL compat- 
ible and bi-directional. They can be used to monitor 
or control the operation of a SLIC or any other device 
associated with the subscriber line. Lines C1:—-C5: 
are associated with Channel 1, and lines C12-C52 
are associated with Channel 2. The C5; and C5z lines 
are only available on the 44-pin PLCC version of the 
Am79C02(A). 


CHCLK 
SLIC Clock (Output) 


This output provides a 256-kHz, 50%-duty cycle, TTL- 
compatible clock for use by two SLICs. The CHCLK 
frequency is synchronous to MCLK but the phase 
relationship to MCLK is random. CHCLK is capable of 
driving two TTL inputs. 


CS1, CS2 

Chip Selects (Inputs, Active Low) 

The Chip Select inputs enable the device to read or write 
control data. CS: is for the Channel 1 microprocessor in- 
terface. CS2 is for the Channel 2 microprocessor 
interface. 


DCLK 
Data Clock (Input) 


The Data Clock input shifts data either into or out of the 
Microprocessor Interface of the DSLAC device. The 
maximum clock rate is 4.096 MHz. 


Din 
Data Input (Input) 


Control data is serially written into the DSLAC device via 
the Din pin with the most significant bit first. The Data 
Clock determines the data rate. Din and Dour may be 
strapped together to reduce the number of connections 
to the microprocessor. (Not available on the Am79C03.) 


Dour 


Data Output (Output) 


Control data is serially read out of the DSLAC device via 
the Dour pin with the most significant bit first. The Data 
Clock determines the data rate. Dour is high impedance 
except when data is being transmitted from the DSLAC 
device under control of CS: or CS2. Din and Dour may be 
strapped together to reduce the number of connections 
to the microprocessor. (Not available on the Am79C03.) 


Dio 
Data Input/Output 


Control data is serially written into and read out of the 
Am79C03(A) DSLAC device via the Dio pin with the most 
significant bit first. The Data Clock determines the data 
rate. Dio is high impedance except when data is being 
transmitted from the DSLAC device under control of 
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CS: or CS2. Dio replaces Din and Dour found on the 
Am79C02(A). 


DRA, DRB 
PCM Inputs (Inputs) 


The Receive PCM data for Channels 1 and 2 is serially 
received on either.the DRA or the DRB port with port 
selection under user program control. Eight bits are re- 
ceived with the most significant bit first. Data for each 
channel is received in 8-bit bursts every 125 us at the 
PCLK rate. 


DXA, DXB 
PCM Outputs (Outputs) 


The Transmit PCM data from Channels 1 and 2 is sent 
serially through either the DXA or DXB port with port 
selection under user program control. Eight bits are 
transmitted with the most significant bit first. The output 
is available every 125 us and the data is shifted out in 
8-bit bursts at the PCLK rate. DXA and DXB are high 
impedance between bursts and while the device is in the 
Inactive mode. 


FS 

Frame Sync (Input) 

The Frame Sync pulse is an 8-kHz signal that identifies 
the beginning of a frame. The DSLAC device references 
individual time slots with respect to this input, which must 
be synchronized to PCLK. 


MCLK 

Master Clock (Input) 

The Master Clock must be a 2.048-MHz or 4.096-MHz 
clock input for use by the digital signal processor. MCLK 
may be asynchronous to PCLK. 


PCLK 
PCM Clock (Input) 


The PCM clock determines the rate at which PCM data is 
serially shifted into or out of the PCM ports. PCLK is an 
integer multiple of the frame sync frequency. The maxi- 
mum clock frequency is 8.192 MHz and the minimum 
clock frequency is 128 kHz. The PCLK clock may be 
asynchronous to MCLK. 


‘RST 


Reset (Input, Active Low) 


A TTLLow signal on this input resets the DSLAC device 
to its default state. (Not available on the Am79C03.) 


TSCA, TSCB 

Time Slot Control (Outputs, Open Drain, Active Low) 
The Time Slot Control outputs are open drain (requiring 
pull-up resistors) and are normally inactive (high imped- 
ance). TSCA is active (Low) when PCM data is present 
on the DXA output and TSCB is active (Low) when PCM 
data is present on the DXB output. 
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Vini, Vinz 

Analog Inputs (Inputs) 

The analog input is applied to the transmit path of 
the DSLAC device. The signal is sampled, digitally proc- 
essed and encoded for the PCM output. Vin: is the input 
for Channel 1 and Vinz is the input for Channel 2. 


Vout1, Vourz 

Analog Outputs (Outputs) 

The received PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. Vout: is the out- 
put from Channel 1 and Vourzis the output for Channel 2. 
These outputs can directly drive a transformer SLIC. 
For Am79C02: 

AGND; Analog Ground (Channel 1) 


AGNDz Analog Ground (Channel 2) 

DGND, Digital Ground 1 

DGNDz Digital Ground 2 

PGND PCM I/O Ground 

Vecat +5-V Analog Power Supply (Channel 1) 

Veca2 +5-V Analog Power Supply (Channel 2) 

Veen1 +5-V Digital Power Supply. Internally 
connected to substrate on the IC. 

Vecne +5-V Digital Power Supply. Internally 
connected to substrate on the IC. 

Vecp +5-V PCM I/O Power Supply. Internally 


connected to substrate on the IC. 
Veet —5-V Power Supply (Channel 1) 


Vee2 —5-V Power Supply (Channel 2) 

For Am79C03: 

AGND Analog Ground 

DGND Digital Ground 

Veca +5-V Analog Power Supply 

Veep +5-V Digital Power Supply. Internally 


connected to substrate on the IC. 
Veet ~5-V Power Supply (Channel 1) 
Vee2 —5-V Power Supply (Channel 2) 


The many separate power supply inputs are intended to 
provide for good power supply decoupling techniques. 
Note that all of the +5-V inputs should be connected to 
the same source, all of the ground inputs should be con- 
nected to the same source, and both of the —5-V inputs 
should be connected to the same source. 


FUNCTIONAL DESCRIPTION 


The DSLAC device performs the Codec/filter functions 
associated with the four-wire section of the subscriber 
line circuitry in a digital switch. These functions involve 
converting an analog voice signal into digital PCM sam- 
ples and converting digital PCM samples back into an 
analog signal. During conversion, digital filters are used 
to band-limit the voice signals. 


Independent channels allow the DSLAC device to func- 
tion as two SLAC devices. All of the digital filtering is 
performed in digital signal processors operating from 
either a 2.048-MHz or 4.096-MHz external clock. The 
A/D, D/A, and signal processing is separate for each 
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channel and each channel has its own chip select (CS; 
and CS,) to allow separate programming. 


The user-programmable filters set the receive and trans- 
mit gain, perform the trans-hybrid balancing function, 
permit adjustment of the two-wire termination imped- 
ance, and provide frequency attenuation adjustment 
(equalization) of the receive and transmit paths. All pro- 
grammable digital filter coefficients can be calculated us- 
ing the AmSLAC2™ software. The PCM codes can be 
either 8-bit companded A-law or p-law. The PCM data is 
read or written to the PCM highway in user-programma- 
ble time slots at rates of 128 kHz to 8.192 MHz. The out- 
put hold time and the transmit clock edge canbe selected 
for compatibility with other devices which can be con- 
nected to the PCM highway. 

Two pin configurations of the DSLAC device are offered 
with the PCM interface described above. The 
Am79C02(A), the original version of the DSLAC device, 
is available in both 40-pin DIP and 44-pin PLCC pack- 
ages. The PLCC version has one extra SLIC I/O line per 
channel. The Am79C03(A) is a reduced pin-count ver- 
sion obtained by consolidating a number of ground and 
power supply buses on-chip, and eliminating the hard- 
ware reset function. The Am79C03(A) is available in 
both 32-pin plastic DIP and 32-pin PLCC packages. The 
“A” version of both devices (e.g., AmM79C02A) offers an 
adaptive trans-hybrid balance feature described in the 
Adaptive B-Filter Overview. 


The following documentation describes the operation of 
a single channel of the DSLAC device. The description 
is valid for either Channel 1 or 2. Vin in this data sheet 
refers to either Vin1 or Vine, Vour_refers to either Vout 
or Voutz, and CS refers to either CS: or CSa. | 


Operational Modes 
Active Mode 


Each channel of the DSLAC device can operate in either 
the active (operational) or inactive (standby) mode. In 
the active mode, the DSLAC device is able to transmit 
and receive PCM and analog information. This is the nor- 
mal operating mode when atelephone callisin progress. 
The Activate command, Microprocessor Interface (MPI) 
Command #5, puts the device into this state. Bringing 
the DSLAC device into the active mode is only possible 
through the MPI. 


Inactive Mode 


The Am79C02(A) DSLAC device is forced into the inac- 
tive (standby) mode at power-up, by a hardware or 
software reset, or is programmed into this mode by the 
inactivate command (Command #1). The Am79C03 
DSLAC device is forced into the standby mode at power- 
up or by a software reset. No transmission or reception 
of PCM data takes place, but the circuits which contain 
programmed information retain their data. Power is 
switched off from all non-essential circuitry, though 
the MPI remains active to receive new commands. The 
analog output is tied to ground through an approx- 
imately 3-Kohm resistor. 
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Reset State 


Anactive Low, hardware Reset pin (RST) is available on 
the Am79C02 which resets the device to the following 
default state. (For the Am79C03, when power is first ap- 
plied, an internal power-on reset puts the device into the 
following default state.) 


1. A-law is selected. 


2. B,X,R, and Z filters are disabled and AISN gain is 
zero, 

3. Digital (GX and GR) gain blocks are disabled, re- 
sulting in unity gain, and analog (AX and AR) gains 
are set to unity. 


4. SLIC input/output direction is set to the input mode. 
5. Normalconditions are selected (see Command #4). 
6. The B-filter adaptive mode is turned off. 

7 


. Both channels are placed in the Inactive (standby) 
mode. 


8. Transmit time, receive time, and clock slots are set 
to zero. 


9. DXA/DRA ports are selected for Channel 1. 
10. DXB/DRB ports are selected for Channel 2. 
11. MCLK is selected to be 4.096 MHz. 


12. The transmit outputs are selected to change on the 
negative edge of PCLK. 


13. PCM Delay is inserted. 


Reset states 1 to 7 are identical to those of the software 
reset (Command #2), but the hardware (or power-on) 
reset applies to both channels simultaneously. When 
power_is initially applied to the DSLAC device or 
when RST is asserted (Am79C02 only), the following 
sequence of actions is necessary to ensure correct op- 
eration of the DSLAC device. 


1. Select MCLK frequency (Command #6). 
2. Software reset (Command #2). 


3. Program filter coefficients and all other required 
parameters. 


Upon initial application of power, a minimum of 1 ms is 
needed before CS: or CS2 may go Low and an MPI 
command initiated. If the power supply (Vcco1 or Veco2) 
falls below approximately 2.0 V, the device is software- 
reset and will require complete reprogramming with the 
above sequence. Bit 7 of the SLIC Direction Register 
will read back as a logical 1 to indicate a power inter- 
ruption has been detected. This bit is cleared when a 
software reset command is sent to the DSLAC device. 
The RST pin may be tied to +5 V if it is not needed in the 
system (Am79C02 only). 


Signal Processing 
Overview of Digital Filters 


Several of the blocks in the signal processing section 
are user programmable. These allow the user to opti- 
mize the performance of the DSLAC device for the 
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system. Figure 1 shows DSLAC device signal process- 
ing and indicates the programmable blocks. 


The advantages of digital filters are: 
—high reliability; 

—no drift with time or temperature; 
—unit-to-unit repeatability; and, 
—superior transmission performance. 


Two-Wire Impedance Matching 


Two feedback paths on the DSLAC device modify the 
effective two-wire input impedance of the SLIC by pro- 
viding programmable feedback from Vin to Vour. The 
Analog Impedance Scaling Network (AISN) provides a 
programmable analog gain of —0.9375 to +0.9375 from 
Vin to Vout. The Z filter is a programmable digital filter, 
also connecting Vin to Vout. 


Distortion Correction and Equalization 


The DSLAC device contains programmable filters in the 
receive (R) and transmit (X) directions. These may be 
programmed for line equalization and to correct any 
attenuation distortion caused by the Z filter. 


Trans-Hybrid Balancing 


The DSLAC device’s programmable B filter is used to ad- 
just trans-hybrid balance. The filter has a single-pole IIR 
section (B-IIR) and an eight-tap FIR section (B-FIR), 
both operating at 16 kHz. The DSLAC device has an 
optional adaptive mode for the B filter which may be 
used to achieve optimum performance. The Echo Path 
Gain (EPG) and Error Level Threshold (ELT) registers 
contain values which determine the adaptive mode 
performance. 


Gain Adjustment 


The DSLAC device transmit path has two programmable 
gain blocks. Gain block AX is an analog gain of 0 dB or 
6.02 dB, located immediately before the A/D converter. 
Gain block GxX is a digital gain that is programmable to 
any gain from 0 dB to +12 dB with a worst case step size 
of 0.1 dB for gain settings below +10 dB, and a worst 
case step size of 0.3 dB for gain settings above +10 dB. 
The filters provide a net gain in the range of OdBto 18dB. 


The DSLAC device receive path has two programmable 
loss blocks. Loss block GR is a digital loss that is pro- 
grammable from 0 dB to 12 dB with a worst case 
step size of 0.1 dB. Loss block AR is an analog loss of 
0 dB or 6.02 dB, located immediately after the D/A con- 
verter. This provides a net loss in the range of 0 dB 
to 18 dB. 


Transmit Signal Processing 


In the transmit path, the analog input signal is A/D con- 
verted, filtered, companded (A- or p-law), and made 
available for output to the PCM highway. The signal 
processor contains an ALU, RAM, ROM, and control 
logic to implement the filter sections. The B, X, and GX 
blocks are user-programmable digital filter sections with 
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Figure 1. DSLAC Device Signal Processing 








From 
Transmit Output 
Signal Register 
Processor 


FS 


Time Slot 
Control 


PCLK © 


















To 
TSA 
From 
TSA 
09875—-004C 
DXA 
SC 
Port eh 
Selection DXB 
TSCB 
Time & Clock From 
Slot Register MPI 
09875—-006C 


Figure 2. Transmit PCM Interface 


coefficients stored in the coefficient RAM. AX is an ana- 
log amplifier which can be programmed for 0-dB or 
6.02-dB gain. The filters may be made transparent when 
not required in a system. 


The decimator reduces the high input sampling rate to 
16 kHz for input to the B, GX, and X filters. The Xfilterisa 
6-tap FIR section which is part of the frequency response 
correction network. The B filter operates on samples 
from the receive signal path in order to provide trans- 
hybrid balancing in the loop. The high-pass filter rejects 
low frequencies such as 50 or 60 Hz and may be 
disabled. 


Transmit PCM Interface 


The transmit PCM interface receives an 8-bit com- 
pressed code from the digital A-/u-law compressor. The 
transmit PCM interface logic (Figure 2) controls the 
transmission of the data onto the PCM highway through 
the output port selection circuitry and the time and clock 
slot control block. 


The frame sync (FS) pulse identifies the beginning of a 
transmit frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 


The Time Slot register is 7 bits wide and allows up to 128 
8-bit channels (using a PCLK of 8.192 MHz) in each 
frame. This feature allows any clock frequency between 
128 kHz and 8.192 MHz (2 to 128 channels) in asystem. 
The Clock Slot register is 3 bits wide and may be pro- 
grammed to offset the time slot assignment by 0 to 7 
PCLK periods to eliminate any clock skew in the system. 
The data is transmitted in bytes with the most significant 
bit first. 


The PCM data may be user-programmed for output onto 
either the DXA or DXB port. Correspondingly, either 
TSCA or TSCB is Low during transmission. 

The DXA/DXB and TSCA/TSCB outputs can be pro- 
grammed to change either on the negative or positive 
edge of PCLK. In the first case, an extra delay (PCM 
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delay) in the timing of the DXA and DXB signals may 
be programmed to allow timing compatibility with other 
devices on the PCM highway. 


Receive Signal Processing 


In the receive path, the digital signal is expanded, fil- 
tered, converted to analog, and passed to the Vour pin. 
The signal processor contains an ALU, RAM, ROM, and 
Control logic to implement the filter sections. The Z, R, 
and GR blocks are user-programmable filter sections 
with their coefficients stored in the coefficient RAM while 
ARisananalog amplifier which can be programmed fora 
0-dB or 6.02-dB loss. The filters may be made transpar- 
ent when not required in a system. 


The low-pass filter band limits the signal. The R filter is 
a 6-tap FIR section operating at a 16-kHz sampling 
rate and is part of the frequency response correction net- 
work. The analog impedance scaling network (AISN) isa 
user-programmable gain block providing feedback from 
Vin to Vout to emulate different Zsuc impedances from a 
single extemal Zsuc impedance. The Z filter provides 
feedback from the transmit signal path to the receive 
path and is used to modify the effective input impedance 
to the system. The interpolator increases the sampling 
rate prior to D/A conversion. 


Receive PCM Interface 


The receive PCM interface logic (Figure 3) controls 
the reception of data bytes from the PCM highway, trans- 
fers the data to the A-/u-law expansion logic, and then 
passes the data to the receive path of the signal proces- 
sor. The frame sync (FS) pulse identifies the beginning 
of a receive frame, and all channels (time slots) are 
referenced to it. 


The logic contains user-programmable Receive Time 
Slot and Receive Clock Slot registers. The Time Slot 
register is 7 bits wide and allows up to 128 8-bit chan- 
nels (using a PCLK of 8.192 MHz) in each frame. This 
feature allows any clock frequency between 128 kHz and 
8.192 MHz (2 to 128 channels) in a system. The Clock 
Slot register is 3 bits wide and may be programmed to 
offset the time slot assignment by 0 to 7 PCLK periods to 
eliminate any clock skews in the system. The PCM data 
may be user-programmed for input from either the DRA 


or DRB port. 
Input Register 


To Receive 
Signal Processor 
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Analog Impedance Scaling Network (AISN) 


The AISN is incorporated in the DSLAC device to scale 
the value of the external Zsuc impedance. Scaling this 
external impedance with the AISN (along with the Z filter) 
allows matching of many different line conditions using a 
single impedance value. Linecards may be designed for 
many different specifications without any hardware 
changes. 


The AISN is a programmable gain that is connected 
across the DSLAC device input from Vin to Vour. The gain 
can be varied from —0.9375 to +0.9375 in 31 steps of 
0.0625. The AISN gain is given by the following equation: 


haisn = 0.0625 [(A - 24 +B - 2°+C- 22 
+D-2'+E-2°)-16] 
where A, B, C, D, and E = 1 or 0. 


The AISN gain is used to alter the input impedance of the 
DSLAC device and SLIC as shown in Figure 4. 


The input impedance into the DSLAC device from the 
SLIC is given by: 


_ 1-Gas haisn 

~ 1 —=Guohasy 

where Gago (defined as G24 Gu2+ Gas) is the echo gain 
into an open circuit and Gas is the echo gain into a 
short circuit. 


There are two special cases to the formula for haisn: 
1) value of ABCDE = 00000 will specify a gain of 0 (or 
cutoff), and 2) a value of ABCDE = 10000 is a special 
case where the AISN circuitry is disabled and the Vout 
pad is connected internally to Vin with a gain of 0 dB. This 
allows a digital-to-digital loopback mode wherein a digi- 
tal PCM input signal is completely processed through 
the receive section all the way to the Vour pin. The signal 
is then connected internally to Vin where it is processed 
through the transmit section and output as digital PCM 
data. 


Zin 


Speech Coding 


The A/D and D/A conversion follows either the A-law 
or the p-law as they are defined in CCITT Rec. G.711. 
A-law or p-law operation is programmed using MPI 
Command #19. Alternate bit inversion is performed as 
part of the A-law coding. 
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Figure 3. Receive PCM Interface 


SLAC/DSLAC Products 


2-77 


cl AMD 









Zn == 


PRELIMINARY 


To A/D Converter 


DSLAC Device 


From D/A Converter 


09875-008C 


Figure 4. Input Impedance Modification Due to AISN 


Command Description and Formats 
Microprocessor Interface Description 

A microprocessor may be used to program the DSLAC 
device and control its operation using the Micropro- 
cessor Interface (MPI). Data programmed previously 
may be read out for verification. For each channel, 
commands are provided to assign values to the following 
parameters. 

—Transmit time slot 

—Receive time slot 

—Transmit clock slot 

—Receive clock slot 

—Transmit gain 

—Receive loss 

—B-filter coefficients 

-X-filter coefficients 

—P-filter coefficients 

~Z-filter coefficients 

—Adaptive B filter parameters 

—AISN coefficient 

—Read/Write SLIC Input/Output 

—Select A-law or p-law code 

—Select Transmit PCM Port A or B 

—Select Transmit PCM clock edge 

—Select Transmit PCM delay 

—Select Receive PCM Port A or B 

—Enable/disable B filter 

—Enable/disable Z filter 

—Enable/disable X filter 

—Enable/disable R filter 

—Enable/disable Gx filter 
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—Enable/disable GR filter 
~—Enable/disable AX amplifier 
—Enable/disable AR amplifier 
—Enable/disable adaptive B filter 

—Select test modes 

—Select active or inactive (standby) mode 


The following description of the MPI is valid for either 
Channel 1 or 2. Whenever CS is specified, it refers to 
either CS; or CSz. If desired, both channels may be pro- 
grammed simultaneously with identical information by 
activating CS; and CSz at the same time. 


The MPI consists of serial data input (Din or Dio on 
Am79C03), output (Dour or Dio on Am79C03), data clock 
(DCLK), and a separate chip select (CS; and CS.) input 
for each channel (Figure 5). The serial input consists of 
8-bit command words which may be followed with addi- 
tional bytes of input data or may be followed by the 
DSLAC device sending out bytes of data. All data input 
and output is MSB (D7) first and LSB (Do) last. All data 
bytes are read or written one at a time, with CS going 
High for at least the minimum off-period before the next 
byte is read or written. 


All commands requiring additional input data to the de- 
vice must have the input data as the next N words written 
into the device (for example, framed by the next N transi- 
tions of CS). All commands followed by output data will 
cause the device to output data for the next N transitions 
of CS going Low. The DSLAC device will not accept any 
input commands until all the data has been shifted out. 
Unused bits in the data bytes are read out as zeros. 


A command sequence to one channel must be finished 
before a command can be sent to the other channel. 
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Figure 5. Microprocessor Interface Timing Diagram 


An MPI cycle is defined by transitions of CS and DCLK. If 
the CSlines are held in the High state between accesses, 
the DCLK may run continuously with no change to the 
internal control data. Using this method, the same DCLK 
may be run to a number of DSLAC devices and the indi- 
vidual CS lines will select the appropriate device to ac- 
cess. Between command sequences, DCLK can stay in 
the High state indefinitely with no loss of internal 


control information regardless of any transitions on the 
CS lines. Between bytes of a multi-byte read or write 
command sequence, DCLK can also stay in the High 
state indefinitely; however, each low-going transition of 
the CS line will still advance the byte counter. DCLK can 
stay in the Low state indefinitely with no loss of internal 
control information, provided the CS lines remain at a 
High level. 
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Summary of MPI Commands** 


C# Hex Dr De Ds Da Ds Dz Di Do 
1 00 0 0 0 0 0 0 (0) (6) 
2 02 0 0 0 0 0 0 1 0 
3 06 0 0 0 0 0 1 1 0 
4 08 0 0 0 0 1 0 0 (0) 
5 OE 0 0 0 0 1 1 1 (0) 
6 1* 0 0 0 1 0 0 ig 0 
7 40 0 1 0 0 0 0 0 0 
8 41 0 1 O 0 (0) 0 0 1 
9 42 0 1 0 0 0 0 1 (0) 

10 43 0 1 0 0 0 0 1 1 

11 44 0) 1 0 0 0 1 0 0 

12 45 0 1 0 0 0 1 0 1 

13. 50 (¢) 1 O 1 0 0 (@) 0 

14. 51 0 1 0 1 0 0 0 1 

15 52 On 1 0 1 0 0 1 0 

16 53 0 1 0 1 0 0 1 1 

17 54 0 1 0 1 0 1 (0) 0 

18 55 0) 1 c¢) 1 0 1 (@) 1 

19. 60 0 1 0 0 0 0 

20. 61 0 1 1 0 0 0 (6) 1 

21. 70 0 1 1 1 0 0 0 0 

22. 71 0 1 1 1 0 (0) (6) 1 

23. 73 0 1 1 1 0 0 1 1 

24. 80 1 0 0 0 0 0 0 0 

25. 81 1 0 0 0 0 0 (0) 1 

26. 82 1 0 0 0 0 0 1 0 

27. 83 1 0 0 0 0 0 1 1 

28. 84 1 0 0 0 0 1 0 0 

29. 85 1 0 0 0 0 1 0 1 

30. 86 1 0 0 0 0 1 1 0 

31. 87 1 0 0 0 0 1 1 1 

32. 88 1 0 0 0 1 0 0 0 

33 89 1 0 0 0 1 0 0 1 

34 8A 1 0 0 0 1 (0) 1 0 

35 8B 1 0 0 0 1 0 1 1 

36 8C 1 0 0 0 1 1 0 0 

37 8D 1 0 0 0 1 1 0 1 

38 8E 1 0 0 0 1 1 1 0 

39 8F 1 0 0 0 1 1 1 1 


*Code changes with function. 
**All codes not listed are reserved by AMD and should not be used. 


Description 


Inactivate (Standby mode) 
Reset 

No Operation 

Reset to Normal Conditions 
Activate 


MCLK Selection 

Write TX Time Slot & PCM Highway 
Read TX Time Slot & PCM Highway 
Write RX Time Slot & PCM Highway 
Read RX Time Slot & PCM Highway 


Write RX & TX Clock Slot and TX Clock Edge 
Read RX & TX Clock Slot and TX Clock Edge 
Write AISN, PCM delay, Analog Gains 

Read AISN, PCM delay, Analog Gains 

Write SLIC Input/Output Register 


Read SLIC Input/Output Register 

Write SLIC Input/Output Direction 

Read SLIC I/O Direction, Power Interruption 
Bit, and Channel Status Bit 

Write Operating Functions 

Read Operating Functions 


Write Operating Conditions 
Read Operating Conditions 
Read Revision Code Number 
Write GX-Filter Coefficients 
Read GX-Filter Coefficients 


Write GR-Filter Coefficients 
Read GR-Filter Coefficients 
Write Z-Filter Coefficients 
Read Z-Filter Coefficients 
Write B-Filter Coefficients 


Read B-Filter Coefficients 
Write X-Filter Coefficients 
Read X-Filter Coefficients 
Write R-Filter Coefficients 
Read R-Filter Coefficients 


Write Echo Path Gain 
Read Echo Path Gain 
Write Error Level Threshold 
Read Error Level Threshold 
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THE COMMAND STRUCTURE 


This section describes in detail each of the MPI com- _ onthe filter coefficients of the form C.ymy, please refer to 
mands. Each of the commands is shown along withthe _ the Description of Coefficients section. 
format of any additional data bytes that follow. For details 


1. Inactivate (Standby Mode) 


ele] 
Be 


During the inactive mode (of one or both channels): 
a) All of the programmed information is retained. 
b) The Microprocessor Interface (MPI) remains active. 
c) The PCM outputs are in high impedance and the PCM inputs are disabled. 
d) The analog output is tied to zero volts through an internal resistor (~3 Kohm). 


2. Reset 


le] 
a 


| ds {| os | oo | o& | o | oO | bm | 
Eee [eg es [ee ae 


The reset state of the device is: 
a) A-law is selected. 
b) B, X, R, and Z filters are disabled and AISN gain is zero. 
c) Digital (GX and GR) gain blocks are disabled resulting in unity gain, and analog (AX and AR) gains are 
set to unity. 
d) All SLIC I/O lines are configured as inputs. 
e) Normal conditions are selected (see Command #4). 
f) The B-filter Adaptive mode is reset. 
g) The channel is placed in the inactive (standby) mode. 


3. No Operation 


| or | os | o | o& | o | om | ov | d | 
sO ol) 20 [LO ee 


4. Reset to Normal Conditions 


| Dr | ds | oe | o | o | m& | om | do 
fed I ee a 


Reset to Normal Conditions performs the following operations: 
a) Does not insert 6 dB loss in receive path. 
b) Receive & transmit paths are not cutoff. 
c) High pass filter is enabled. 
d) Test modes are turned off. 


5. Activate (Operational Mode) 


| Dr | ds | ds | o | & | om | | do 
Fea Ea De a Ve ee 


This command places the device in the active mode. No valid PCM data is transmitted until after the second 
FS pulse is received following the execution of the Activate command. 
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6. MCLK Selection 


10. 


11. 


MCLK may be selected to operate from a 2.048-MHz or 4.096-MHz extemal clock. MCLK selection on either 
channel affects both channels. 

A=0: 2.048 MHz 

A= 1: 4.096 MHz 


. Write Transmit Time Slot and PCM Highway Selection 


commen Pots to fetotetope 





PCM = 0: Highway A TS: Time slot number 0 to 127 
PCM = 1: Highway B 


The Transmit section of both channels must not be set to the same time slot on the same output port 
simultaneously. 


. Read Transmit Time Slot and PCM Highway Selection 






pT |e | Os | mw | Om [| om | | | 


Commands | o | + | o | o | o | o | oo fl 






. Write Receive Time Slot and PCM Highway Selection 










eee ee ee 


oC A CC BO 
Tinputdatar [Pow [Ss [ 7s | 1s [1s | ws | ts [1s 


PCM = 0: Highway A TS: Time slot number 0 to 127 
PCM = 1: Highway B 


Read Receive Time Slot and PCM Highway Selection 


po | Oe | Os | om | Os | Oe | | be | 


Command: | oO Tt | of co fo flo ft 


Write Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge 


po | Oe | Ds | | De | De | | D | 


Command: | o | + | o | o | oft | oo | oo | 
jinput data: | — | xe [ rcs | rcs | rcs | Tes | Tes | Tos | 


TCS: Transmit Clock Slot number 0 to 7 
RCS: Receive Clock Slot number 0 to 7 


XE =0 Transmit changes on negative edge of PCLK 
XE =1 Transmit changes on positive edge of PCLK 


Note: XE=1 should not be programmed unless the PCM delay is removed, (i.e., PCD= 1). XE must be written on Channel 1, 
but affects both channels. If XE=1, the maximum PCM clock rate becomes 4.096 MHz. 
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12. Read Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge 


pT | | Ds | | Om | me | OO | | 


a 
fOutputdata: | — | xe [Acs | rcs | rcs | tos | Tes | Tos | 


13. Write AISN, PCM Delay, and Analog Gains 


pT | | Ds | | Oe | Oe | Oo | & | 






command: {| o | 1 {| o | a | o | o | oO | oo | 
jinputdata, Teco ax [ an | a [ 8 | c [oe | 





PCM Delay: PCD = 0 Delay inserted (SLAC device compatible) 
PCD = 1 Delay removed (high speed) 

Transmit Analog Gain: AX =0 0-dB gain 
AX =1 6.02-dB gain 

Receive Analog Loss: AR =0 0-dB loss 
AR =1 6.02-dB loss 

AISN coefficient: A,B, C,D,E 


The Analog Impedance Scaling Network (AISN) gain can be varied from —0.9375 to 0.9375 in multiples of 
0.0625. The gain coefficient is decoded using the following equation: 


haisn = 0.0625 [(A-24+B-29+C-22+D-2'+E-2°)—16] 


where haisn is the gain of the AISN and A, B, C, D, and E = 0 or 1. A value of ABCDE = 10000 implements a 
special digital loopback mode, and a value of ABCDE = 00000 indicates a gain of 0 (cutoff). 


14. Read AISN, PCM Delay, and Analog Gains 


po fe | Ds | | Oe | me | Dm | 


Command: | o ft fo ft fof} of oft 
Outputdata: [eco] ax | ak | aA [| 8 | c | DE | 


15. Write SLIC Output Register 


i 
|} — | — | os | ca] ca] ca | ci 


C1 through C5 are set to 1 or 0. The data will appear latched on the C1 through C5 SLIC I/O pins, provided 
they were set in the output mode (see Command #17). The data sent to any of the pins set to the input 
mode will be latched, but will not appear at the pins. 










16. Read SLIC Pins 







po | Oe | Bs | Dw | Oe | De [| Oo 
commancs | of a fo ft fo | oft 
fOutputdatas | — | — | — [cs | ca | ca | ce | ct | 


The logic state of pins C1 through C5 is read regardless of the direction programmed into the Input/Output 
register. 
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17. 


18. 


19. 


Write SLIC Input/Output Direction 


pL |e | Ds | | Oe | Oe | | D | 


commanc: fo | tf of tf of tf lof oo | 
jinputdata: |] — | ~T-Tatete{ofe | 





Pins C1 through C5 are set to input or output modes individually. The input mode is set when the appropri- 
ate data bit is a 0, and the output mode is set when the data bit is a 1. All unused SLIC I/O pins should be 
programmed as outputs to reduce power consumption. 


Data bit A sets pins C5; or C52. 
Data bit B sets pins C4; or C4p. 
Data bit C sets pins C3: or C32. 
Data bit D sets pins C2; or C22. 
Data bit E sets pins C1; or C12. 


Read SLIC Input/Output Direction, Channel Status Bit, and Power Interrupt Bit 


pL |e | Os | om | De | oe | | b | 


Command: | oo | a fo | ts fo ft [of 
fouputdata: | pi | cs | ~[ aft eject] o]e | 


PI=0 There has not been a power interruption since the last software reset command. 





Pl=1 A power interruption has been previously detected requiring the DSLAC device to be completely 
reprogrammed. This bit is cleared by issuing a software reset command. 


CS=0 Channel is inactive (standby mode). 


CS=1 Channel is active. 


Write Operating Functions 


pT | Oe | Ds | De | De | Oe | OD | De | 


Command: | of 1 | tf of o | of of OT 
jinputdata: | aBF | Aum | egR| ecx] ex | eR | ez | EB 


Adaptive B-Filter: ABF 











B-filter non-adaptive mode 
B-filter adaptive mode 


A-law coding 
pi-law coding 


GR filter disabled 
GR filter enabled 


GX filter disabled 
GX filter enabled 


0 
1 
A-law/p-law: Alu =0 
= 1 
0 
1 
0 
1 
X Filter: EX =0 X filter disabled 
=r 
0 
1 
0 
1 
0 
1 


GR Filter: EGR = 


GX Filter: EGX = 


X filter enabled 


R filter disabled 
R filter enabled 


Z filter disabled 
Z filter enabled 


B filter disabled 
B filter enabled 


R Filter: ER = 
Z Filter: EZ 


B Filter: EB 


Note: The enable adaptive B-filter command is only effective when used with the enable B-filter command. 
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20. Read Operating Functions 


pT | Os | Os | mw | | om | | | 
command§ | oo ft tt | of of of os | 


21. Write Operating Conditions 


ee ee ee 
command: | oo | 1 | a | + fo | of of o | 
lInputdata:_ | cte | crp| Her] ra | as| me] — | ~ 












Cut off Transmit Path: CTP = 0 Transmit path connected 
CTP = 1 Transmit path cut off 
Cut off Receive Path: CRP = 0 Receive path connected 
CRP = 1 Receive path cut off 
High-Pass Filter: HPF = 0 High-pass filter enabled 
HPF = 1 High-pass filter disabled 
Receive Path Gain: RG = 0 6-dB loss not inserted 
RG = 1 6-cB loss inserted 
Analog Loopback: ALB = 0 Analog loopback disabled 
ALB = 1 Analog loopback enabled 
TSA Loopback: TLB = 0 TSA loopback disabled 
TLB = 1 TSA loopback enabled 


22. Read Operating Conditions 


pt | Oe | Os | Dm | De | Oe | O | D | 
Command: | o | a | a | a | o | oo | co [lt | 
foutputdata:—[ cp | cap | HPF | AG | ate | rue | — | — | 


23. Read Revision Code Number 


Se 
commer fo f+ t+[s{ofof+|[s 
Outputdata: |] # | # | # | # | # | # | # | # | 


This command returns an 8-bit number describing the revision number of the DSLAC device. It can be read on 
either channel. 











24. Write GX-Filter Coefficients 


Input data byte 2: C10 m10 


The coefficient for the GX filter is defined as: 












Hex =1 +(C10-2°5° (1 +C20-27°(1 +Ca9- 2° (1 + C40 -2-™°)]}). 
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25. Read GX-Filter Coefficients 


a 
Command: | ot | co | oo | co | co | co J co | 
JOutputdatabyiet: | camo] 80mg 
Joutputdatabyte2: | cz0_ mao] tm 


26. Write GR-Filter Coefficients 


pf Os fs | fo Lo | OL 
command§ tt Lo Lo To fo fo Lt fo | 
linputdatabytet: | cao mao | 30mg. 
[inputdatabyte2, | c20 mao | cto. mto 


The coefficient for the GR filter is defined as: 






















Har = C10 - 2-1 + C20 2-791 + Ca9 27 (1 + C40 -2-™9)] }. 


27. Read GR-Filter Coefficients 


Pe ee eee 
Command: dt tT oP of oP oP of tt 
a 







Output data byte 1: 


Outputdatabyte2: | C20 mao c10__mto 





2-86 Am79C02/3(A) Data Sheet 


PRELIMINARY AMD @&N 
28. Write Z Filter Coefficients 


Command: 


Ce a a a 
reo a | 


The Z-transform equation for the Z filter is defined as: 


Hz(2) =Zo-+ZiZ-1 + Zoz-2 + Za7-9-+ 247-4 4 So 
1-Z6z"1 





The coefficients are defined as: 


Zi=Cu- 2-0" {1 + Cay 2° [1 + Cai - 2-7 (1 + Cai -2-™') J} 
for i=0,1,2,3,4,5,6. 


29. Read Z-Filter Coefficients 


| | | | | ot of of 
a A OA 
Output data byte 1: | C45 mM C35 _m35 

Oupu data bez | 08 was ans ms 
Crore a CS 
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30. Write B-Filter Coefficients 


pe ee 


Command: 1 
Input data byte 1: 

Input data byte 2: Ci0 3 m10 
Input data byte 3: C21 = =m21 C11 = m11 

Input data byte 4: C32 = m32 C22 m22 


Input data byte 5: C33. m33 
Input data byte 6: C13. m13 
Input data byte 9: C15 m15 


Input data byte 10: C36 m36 C26 m26 
Input data byte 11: C16 =mi6 C37 = m37 
Input data byte 12: C27 = m27 C17. mi7 
Input data byte 13: C48 = m48 C38 = m38 
Input data byte 14: C28 =m28 C18 m18 


























The z-transform equation for the B filter is defined as: 


-7 
Hp(z) = Bo + B1z-! + Boz~* + Baz~9 + Baz* + Bz + Bez? + ao 


1—Bez-" 
The coefficients for the FIR B section and the gain of the IIR B section are defined as: 
Bi=C1- 2°" [1 + Cay 2-714 + Cai 2-9 )], 
The feedback coefficient of the IIR B section is defined as: 
Bs=Cig-2°8 (1 +C28-2-78 [14 + Cag- 2-8 (1 + Cag- 2-8) J}. 
Warning: Not all B-filter coefficients are “legal” to initiate adaptive balance. One legal coefficient is set 
as: 2A F2 AF 2A F2 AF 2A F2 AF 2A F2 AF 0A 80, which corresponds to all FIR coefficients 
(Bo through Bz) equal to zero, and the IIR denominator coefficient (Bs) equal to 1/2. Other 


legal coefficients that may reduce the time to convergence of the algorithm may be obtained by 
reading back the registers after adaptive balance has been run (see Command #31). 
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31. Read B-Filter Coefficients 


ee ee 
a 
apucnsbren [Ge so | canna 
Daptdaniyes [60st 


32. Write X-Filter Coefficients 


Po | | oe | | | mm | oD | 
Command: tt | co | oo | of ct | of of Oo | 


Input data byte 11: C45 m45 C35 m35 
Input data byte 12: C25 m5 ~~ C15. m15 


The z-transform equation for the X filter is defined as: 


Hx(z) = Xo + X1z71 + X2z~2 + Xaz~F + Xaz4 + X5z-5. 










































The coefficients for the X filter are defined as: 


Xi=C1- 21 + Cai-2-2'[1 + Cai 2°51 (1 + Cai- 2-4] }. 
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33. Read X-Filter Coefficients 
















JOuputdatabyte a: | cat mat | tt mt 
Cupuidatatyes: | __cae mig | _ cae ee 
JOutputdatabytes. | 2a maa | tt 
Dastaieiger [ems [ses 
JOuputdata bytes: | 23 mas | mis 
a 
ee 
Pca mas] tS mts 










34. Write R-Filter Coefficients 


eee 


Input data byte 11: m45 C35 m35 
Input data byte 12: m25 C15 m15 


The z-transform equation for the R filter is defined as: 















- 





Ha(z) =Ro + Riz! + Rez? + Raz3 + Raz + Rsz-. 


The coefficients for the R filter are defined as: 


Ri=Cri- 2° (1 4+ Cai - 2-721 + Cai - 2°79! (1 + Cai 2-0") J}. 
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35. Read R-Filter Coefficients 


ee ee 
Command tt | ol | oP of tT ofa ti 


Output data byte 11: C45 m45 C35 ms35 
Output data byte 12: C25 m25 C15 m15 


36. Write Echo Path Gain 


es ee 
sommes Pe fof Pf sf ope 
eer aaa a 
[nputdetabyies: | _cao mao | cao mao =” 


The equation for the Echo Path Gain is defined as: 





























EPG =8-C10- 2° (1 +C50-2°(1 + Ceo - 2°11 + C70-27°79(1 + Cao - 27) ]}), 


C20, Mzo, C30, Mao, C40, and Mao must be zero. 


37. Read Echo Path Gain 


ee 
a 
Se nT Ce 
Ourputdatabytes: | cao mao «cama 
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38. Write Error Level Threshold 






Input data byte 1: 


ths | 
Commancs ft tT oo | of cof rt Pt [oo 
| como | ct mo 


PRELIMINARY 






| Os | De | Ds | de | ov | & | 


C10 m10 





The equation for the Error Level Threshold is defined as: 


ELT =C10-2°™'°(14+C29- 2-7), 


39. Read Error Level Threshold 


ose Oo 
commen ips Po fo | 


ESE ae 
ae ea 





Output data re 1: 


Programmable Filters 
General Description of CSD Coefficients 


The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and 
summing the result with the previous value at that sum- 
mation node. The method used in the DSLAC device is 
known as Canonic Signed Digit (CSD) multiplication and 
splits each coefficient into a series of CSD coefficients. 


Each programmable FIR filter section has the following 
general transfer function: 

HF(z) =ho + hiz7! + haz? +... + hnz 
where the number of taps in the filter = n + 1. 


The transfer function for the IIR part of the Z and B filters 
is: 


Eq. (1) 


1 
Hi(z) = ———————— 
@) 1—hin+4)z71 Eq. (2) 


The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is defined 
in the following general equation: 


hi=Bi2™4 + B22 24... + Buon, Eq. (3) 
where: 
the number of shifts = Mi < Mi+1 
sign = Bi= +1 


N = Number of CSD coefficients. 

The value of hi in Eq. (3) represents a decimal number 

whichis broken down into a sum of successive values of: 
+1.0 multiplied by 2, or 2-1, or2-%...2°7... 


or 
+1.0 multiplied by 1, or 1/2, or 1/4...1/128.... 


The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 


The coefficient hi in Eq. (8) can be considered to be a 
value made up of N binary 1s in a binary register where 
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the leftmost part represents whole numbers, the right- 
most part represents decimal fractions, and a decimal 
point separates them. The first binary 1 is shifted M: bits 
to the right of the decimal point, the second binary 1 is 
shifted M2 bits to the right of the decimal point, the third 
binary 1 is shifted Ms bits to the right of the decimal point, 
and so on. 


Note that when M1 is 0, the resulting value is a binary 1 in 
front of the decimal point, that is, no shift. If Mz is also 0, 
the result is another binary 1 in front of the decimal point, 
giving a total value of binary 10 in front of the decimal 
point (i.e., a decimal value of 2.0). The value of N, there- 
fore, determines the range of values the coefficient hican 
take (e.g., if N= 3the maximum and minimum values are 
+3, and if N=4 the values are between +4). 


Detailed Description of DSLAC Device 
Coefficients 

The CSD coding scheme in the DSLAC device uses a 
value called mi, where mi represents the distance shifted 
right of the decimal point for the first binary 1. m2 repre- 
sents the distance shifted to the right of the previous 
binary 1, and ms represents the number of shifts to 
the right of the second binary 1. Note that the range of 
values determined by N is unchanged. Eq. (3) is now 
modified (in the case of N= 4) to: 


hi=Bi2™" 4 Bo2-M2 4 B32-M3 4. B4a-M4 Eq. (4) 
hi = C1271 + CiC22-(™1 +m2) + C1CeC327(™!1 +m2+m3) 


+ C1C2C3C42-(™ +m2 +m3+m4) Eq. (5) 
hi=C12-™ . {1 + C222. [1 + C gam : 
-(14C42-™ )]} Eq. (6) 
where: 
Mi=m1 and Bi=(C1 
M2 =m1+ me Bo = C1 - Ca 
Ms = m1+ me+ms3 B3 = C1-Co-Cs 


Ma4=mi+me+m3+m4 Ba=C1-Co-C3-Ca 
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In the DSLAC device, a coefficient hi consists of NCSD 
coefficients, each being made up of 4 bits and formatted 
as CyyMy, where Cyy is one bit (MSB) and muy is 3 bits. 
Each CSD coefficient is broken down as follows. 


Cxy _ is the sign bit (0 = positive, 1 = negative). 
Mx — is the 3-bit shift code. It is encoded as a 
binary number as follows: 


000: 0 shifts 
001: 1 shifts 
010: 2 shifts 
011: 3 shifts 
100: 4 shifts 
101: 5 shifts 
110: 6 shifts 
111: 7 shifts 
y is the coefficient number (the i in hi). 
Xx is the position of this CSD coefficient within 


the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 
x = 1. The next most significant binary 1 is 
represented by x = 2, and so on. 


Thus, C13mi3 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(hs) coefficient. 


The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, Z, and the IIR part of the B filter, and 3 for 
the FIR part of the B filter. Note also that the GX filter co- 
efficient equation is slightly different from that of the other 
filters. 

hiex = 1 + hi Eq. (7) 


Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 
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Adaptive B-Filter Overview 

The DSLAC device B filter is designed to work with pre- 
programmed coefficients or with coefficients determined 
by an adaptive algorithm. (Note that the adaptive 
trans-hybrid balance feature is only guaranteed on 
the A version of the Am79C02/3). The adaptive algo- 
rithm can be operated in a mode where it continuously 
adapts or where it adapts for a short period and then 
holds its value. 


Operation with pre-programmed coefficients requires 
only the use of MPI Command #30 to feed in the coeffi- 
cients. The adaptive mode uses some pre-programmed 
coefficients and generates new ones using an algorithm 
By a series of iterations, the algorithm minimizes the re- 
ceive signal that is echoed in the transmit signal (due to 
mismatches in the SLIC, hybrid, and line). Adaptation 
only applies to the FIR part of the filter. Pre-programmed 
coefficients used to initiate the adaptive algorithm must 
be “legal” (shown under Command #30 on page 2-88). 
Other legal coefficients may be obtained by using this co- 
efficient, running adaptive. balance, and then reading 
back the registers (refer to #30 in command structure). 


In the continuous adaptation mode, the algorithm is 
switched on (via MPI Command #19) after a call is con- 
nected and remains on until the call ends. In this way, 
the B filter is continually being optimized to the received 
signal. 


In the adapt and freeze mode, the algorithm is used only 
when aline is brought into service andthe DSLAC device 
is activated. The algorithm is switched on and is allowed 
to converge with the received signal, which is a band- 
limited white noise signal generated in the exchange for 
this purpose. The noise signal need only be injected for 
less than a second to yield converged coefficients. The 
adaptive mode is then switched off (via Command #19). 


The converged coefficients may be read out of the 
DSLAC device (using MP] Command #31) and stored for 
future reference. The DSLAC device is now optimized for 
general input signals. 
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Adaptive Filter Programming 


The purpose of the B filter is to cancel the received signal 
that leaks across the hybrid into the transmit path. The 
B-filter transfer function must match (as closely as possi- 
ble) the transfer function of the echo path. 


There are two programmable registers associated with 
the adaptive B filtering. The Echo Path Gain (EPG) is a 
programmable value that predicts the amount of the re- 
ceive signal leaking across the hybrid to the transmit 
path. The EPG is used as part of an algorithm which 
stops the adaptive filter from iterating in the presence of 
signals from the subscnber line (near-end talker). 


The Error Level Threshold (ELT) is a programmable 
value that determines the trans-hybrid loss the adap- 
tive filter will attempt to meet. The adaptive algorithm 
will continue to iterate until it meets the loss require- 
ment specified by the ELT. Both the EPG and ELT 
values are generated by the AmSLAC2 software pro- 
gram. Please refer to the AmSLAC2 Technical Manual. 


User Test Modes 

The DSLAC device supports testing by providing both 
digital and analog loopback paths as shown in Figure 6. 
Inthe TSA Loopback Mode, the DR inputis connected to 
the DX output in the Time Slot Assigner circuitry. The 
TSA Loopback Mode is programmed via Command #21. 


A different type of digital loopback is provided when the 
AISN register is programmed with a value of 10000. In 
this case, the AISN circuitry is disabled and the Vour 
pad is connected internally to Vin. This allows the D/A 
and A/D converters to be included in the digital loop- 
back test. This mode is programmed via Command #13. 
Note that the signal connected internally from Vour to Vin 
is also present on the Vout pin. 
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The Vin input can be connected to the Vour output 
through the Z filter for analog loopback. The response of 
the line to low frequencies can be tested by disabling the 
high-pass filter. Additionally, the receive and transmit 
paths may be cut off. 


APPLICATIONS 

The DSLAC device performs a programmable codec/fil- 
ter function for two telephone lines. It interfaces to the 
telephone lines through either a transformer or an elec- 
tronic SLIC such as the Am795XX series devices. The 
DSLAC device provides latched digital I/O to control and 
monitor two SLICs and has a 256-kHz clock output to op- 
erate the switched mode regulator in an Am795XX. 
When several line conditions must be matched, the 
physical SLIC can be constant, and its characteristics 
(such as apparent impedance, attenuation, and hybrid 
balance) can be altered by programming each DSLAC 
channel's coefficients to suit the line. For a transformer- 
based SLIC, the DSLAC device can drive the trans- 
former without a buffer. 


Connection to a dual PCM highway backplane is imple- 
mented by means of a simple buffer chip. Several 
DSLAC devices can be bussed together into one bus in- 
terface buffer. An intelligent bus interface chip is not re- 
quired because each DSLAC device provides its own 
buffer control. The DSLAC device can be controlled 
through the Microprocessor Interface, either by a micro- 
processor on the linecard or by a central processor. 


Figures 7 and 8 illustrate typical Am79C02 DSLAC 
device applications. Figure 7 shows the basic system 
architecture. Figure 8 illustrates the significant details 
of the interface to an Am795XX-based SLIC and to a 
transformer-based SLIC. 
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Figure 7. Basic System Architecture 
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Figure 8. Typical SLIC Connections 


Controlling the SLIC 
SLIC Chopper Clock 


The CHCLK output pin on the DSLAC device drives the 
CHCLK inputs for Am795XX series SLICs. The CHCLK 
output is a256-kHz TTL-compatible signal that can drive 
two SLICs. It is only active when one or both channels 
are activated; otherwise it is held High internally. 


SLIC Input/Output 


The DSLAC device has five TTL-compatible I/O pins (C1 
to C5) for each channel. On the 40-pin and 32-pin 
DSLAC devices, only C1 through C4 are available. On 
the 44-pin version, C5 (one for each channel) is also 
available and can be used for another function (for exam- 
ple, to control metering signal injection). The outputs are 
programmed using Command #15 and the status is read 
back using Command #16. The direction of the pins 
(input or output) is specified by programming the SLIC 
1/O direction register (Command #17). 
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Calculating Filter Coefficients with 
AmSLAC2 Software 

AmSLAC2 software is a program which models the 
DSLAC device, the line conditions, the SLIC, and the 
other linecard components to obtain optimal coefficients 
for the programmable filters of the DSLAC device and 
some of the resulting transmission performance plots. 


The following parameters relating to the desired line con- 
ditions and the components/circuits used in the linecard 
design are to be provided as input to the program: 


1. Line Impedance. The line impedance or the bal- 
ance impedance of the line which is usually specified 
by the local PTT. 


2. Desired Impedance. This is the desired terminating 
impedance at the exchange. This impedance is also 
specified by the local PTT. 


3. SLIC Impedance. This is the actual terminating 
impedance at the exchange. 
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4. GR-Filter Attenuation. This is the desired attenu- 
ation for the GR filter. 

5. GX-Filter Gain. This is the desired gain of the GX 
filter. 

6. Receive Buffer Transfer Function. It is quite com- 
mon to use an amplifier and/or filter between the 
SLIC and the SLAC device in the design of the 
linecard. The transfer function of this amplifier/filter 
is called the Receive Buffer Transfer Function. 

7. Transmit Buffer Transfer Function. Same as 
the Receive Buffer Transfer Function but for the 
Transmit path. 

8. Fuse Resistance and Coupling. Thisisthe value of 
the Fuse Resistance and the Coupling capacitor 
used in the linecard. 

9. Two-Wire Return Loss Template. The Two-Wire 
Return Loss Template is usually specified by the lo- 
cal PTT. 

10. Four-Wire Return Loss Template. The Four-Wire 


Return Loss Template is usually specified by the 
local PTT. 


The output from the AmSLAC2 program includes the co- 
efficients of the GR, GX, Z, R, X, B, and EPG filters as 
well as predicted transmission performance plots of (1) 
two-wire return loss, (2) receive and transmit path fre- 
quency response, and (3) four-wire retum loss. 


The software supports the use of the AMD Am795XX se- 
ries SLICs or a transformer SLIC, or allows entry of the 
transfer functions describing the behavior of any type of 
SLIC (hybrid). 
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Systems for Customer Evaluation 


The DSLAC Low Noise Evaluation Board is designed to 
demonstrate the high performance capabilities of the 
DSLAC device. The board is used to evaluate the 
DSLAC device available in a 40-pin DIP package. 


The SLAC/DSLAC Computer Interface Board provides 
a user-friendly, computer-driven interface to control up to 
two DSLAC Low Noise Evaluation Boards or SLAC Low 
Noise Boards. The Computer Interface Board allows an 
IBM-compatible PC to control a SLAC device, DSLAC 
device, and a SLIC via its serial port. The board is de- 
signed to operate with the DSLAC.IF software program 
which runs on the PC. A block dia-gram of a typical lab 
setup is shown in Figure 9. 


The Computer Interface Board can also interface to a 
Hewlett-Packard 3779 series PMA or a Wandel and 
Goltermann (W&G) PCM-4. These PCM Channel Mea- 
surement Sets are used to measure the quality of signal 
transmission through the DSLAC device. 


An RS-232C serial port on the SLAC/DSLAC Computer 
Interface Board is designed to plug directly into a serial 
port on the back of a PC. The DSLACIF software 
program which controls the Computer Interface Board 
will operate on an IBM PC or compatible computer con- 
taining at least one serial port and having at least 512 Kb 
of memory. The program is capable of running from a 
floppy disk (860 Kb) or from a hard disk. The DSLACIF 
software program is completely menu driven and fea- 
tures extensive on-line help. 
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Figure 9. Evaluation System Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature ........ ~60°C < Tas +125°C 
Ambient Operating Temperature . —-40°C < Tas +85°C 
Ambient relative humidity 


(noncondensing) ................- 5% to 100% 
Vecca with respect toAGND ....... -0.4V to +7.0V 
Vccp with respecttoDGND ....... -0.4V to +7.0V 
Vecr with respect toPGND ....... -0.4Vto+7.0V 
Vee with respect to AGND ........ +0.4 Vto-—7.0V 
Vin with respect to Veca 

(ViEH=ESY) Sain See de een ees +0.4 V to-10.0 V 
Vin with respect to Vee 

(Veen FOV) ie ca aie ead os Reeds -0.4 V to +10.0 V 
Total combined C1—C5 current per channel 

Source from Vcc .........2-202 eee 32 mA 
Sink into DGND ................-04. 24 mA 
Latch-up immunity (any pin) ............. +30 mA 
Any other pin with respect to DGND; .. —0.4 V to Vcc 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
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OPERATING RANGES 


Analog Supply Vecai, Veca2(Vcca) -..... +5.0 V 45% 
Digital Supply Vcco:, Vecn2, Vecr (Vecp) .. +5.0 V+5% 
Analog Supply Vee:, Veez .......-...-- -5.0 V +5% 
DGND:, DGNDz, PGND (DGND) ............. ov 
AGND:, AGND2 (AGND) ................ +50 mV 
Ambient Temperature ........... 0°C <Tas+70°C 
Ambient Relative Humidity ........... 15% to 85% 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise noted 


Typical values are for Ta=25°C and nominal supply voltages. Minimum and maximum specifications are over the 
temperature and supply voltage ranges shown in Operating Ranges. 








Preliminary 
Symbol | Parameter Descriptions | min | Typ | Unit 
Viv Input Low Voltage F-o5 | Vv 
Vin Input High Voltage ST —S=- Vv 
Ie Input Leakage Current a pA 
Vor Output Low Voltage 
C1—C5 (lo.=6 mA) (Note 2) Vv 
C1—C5 (lo.= 15 mA) (Note 2) Vv 
TSCA, TSCB (lo.= 14 mA) Vv 
Other Digital Outputs (lo.=2 mA) Vv 
Vou Output High Voltage 
C1-C5 (lon =4 mA) (Note 2) Vv 
C1-C5 (lon= 10 mA) (Note 2) Vv 
Other Digital Outputs (lou = 400 pA) ; V 
lot Output Leakage Current (Hi=Z State) Se i pA 
Via Analog Input Voltage Range (AX=0 dB) V 
(AX=6.02 dB) Vv 
Vios Offset Voltage Allowed on Vin _———, mV 
In (Vit) Input Leakage Current on Vin ae a pA 
Zout Vour Output Impedance PT ft ohms 
lour | Vour Output Current (f < 3400 Hz) (Note 1) as a, mA 
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DC CHARACTERISTICS over COMMERCIAL operating range (continued) 








Symbol! | Parameter Descriptions | Min | Typ | Max _| Unit 
Vor Vour Voltage Range (AR=0 dB) +3.12 V 
(AX= 6.02 dB) +£1.56 Vv 

Vocs | Vour Offset Voltage (AISN off) PP tO mV 

Voosa | Vour Offset Voltage (AISN on) (Note 3) as |, +80 mV 

LiNasv | Linearity of AISN Circuitry (Input = 0 dBm0) f——— fe | eT LSB 

PD Power Dissipation Both Channels Active 180 240 mw 

(MCLK, PCLK=2.048 MHz) 1 Channel Active 120 160 mw 

Both Channels Inactive (Note 4) 10 19 mW 

PD Power Dissipation Both Channels Active 190 270 mw 

(MCLK, PCLK> 2.048 MHz) 1 Channel Active 130 175 mW 

Both Channels Inactive (Note 4) 10 19 mW 

Ice Total +5-V Current Both Channels Active 24.0 mA 

1 Channel Active 18.0 mA 

Both Channels Inactive (Note 4) 2.5 mA 

lee Total -5-V Current Both Channels Active 10.0 mA 

1 Channel Active 5.0 mA 

Both Channels Inactive (Note 4) 0.05 mA 

C Input Capacitance (Digital) eee eke nee pF 
Co Output Capacitance (Digital) a es ee pF 
PSRR Power Supply Rejection Ratio (1.02 kHz, 100 mVams, 40 dB 

either supply or path, GX=GR=0 dB) 


Notes: 1. When the DSLAC device is in the inactive mode, the analog output will present a 0-V output level through an ~3K resistor. 


The C1-C5 outputs are resistive for less than a 1-V drop. Total current must not exceed absolute maximum ratings. 


ied 


If there is an extemal DC path from Vour to Vin with a gain of Gpoc and the AISN has a gain of haisn, then the output offset will be 
multiplied by 1/[1—(haisn- Goc) J. 


4. Power Dissipation in the inactive mode is measured with all digital inputs at Vin= Vcc and Vi=Vss and with no load connected to 
Vouti or Vout2. 
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Transmission Characteristics 


When the gain in the receive path is set at 0 dB, a 
1014-Hz PCM sine-wave input with level 0 dBm0 will 
correspond to a nominal RMS voltage of 1.55 V for u-law 
and 1.56 V for A-law at the analog output. When the 
gain in the transmit path is set at 0 dB, a 1014-Hz sine- 
wave signal with a nominal RMS voltage of 1.55 V 
for p-law and 1.56 V for A-law will correspond to a level 
of 0 dBm0 at the digital output. 


When relative levels (dBm0) are used in any of the fol- 
lowing transmission specifications, the specification 
holds for any setting of the AX + GX gain from 0 to 12 dB 
and the AR+GR loss from 0 to 12 dB. Performance 
specification for settings of the AX + GX gain from 12 to 
18 dB and the AR + GR loss from 12 to 18 dB will be de- 
termined as the device is characterized. 


These performance specifications are valid for the com- 
mercial temperature range device only. See the DSLAC 
Extended Temperature Supplement for information on 
performance over the industrial temperature range 
(40°C to +85°C). 


Gain Stability 

Fora0dBm0 1014-Hz sine-wave signal, the gains inthe 
transmit and receive paths (with B=0, Z=0 & X=R=1) 
will not deviate from their ideal value by more than 
+0.2 dB at 25°C. 


Over the full temperature range (specified in the Operat- 
ing Ranges), the gains in the transmit and receive paths 
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will not deviate from their ideal values by more than 
+0.25 dB. 


The variation of the digital to digital loop gain (when the 
analog input and output ports are connected together) 
or the analog to analog loop gain (when the digital input 
and output ports are connected together) will be within 
+0.2 dB at 25°C. 


Over the full temperature range (specified in the Operat- 
ing Ranges), the variation of the digital to digital or the 
analog to analog loop gain will be within +0.25 dB. 


The above specifications apply with reference to tem- 
perature and supply voltage variations within the specifi- 
cations of the Operating Ranges. 


Attenuation Distortion 

The attenuation of the signal in either path is nominally 
independent of the frequency. The deviations from 
nominal attenuation will stay within the limits shown. The 
reference frequency is 1014 Hz and the signal level is 
0 dBm0. The deviation is less than +0.125 dB for 
300 Hz<f< 3000 Hz. 


Group Delay Distortion 

For either transmission path, the group delay distortion is 
within the limits shown in Figure 11. The minimum value 
of the group delay is taken as the reference. The signal 
level should be 0 dBmo. 
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Figure 10. Attenuation Distortion (Single Ended) 
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Group Delay 


The Group Delay specification is defined as the sum of 
the minimum values of the group delays for the transmit 
and the receive paths when the transmit and receive time 
slots are identical and the B, X, R, and Z filters are dis- 


420 
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abled. For PCLK frequencies greater than 1.53 MHz, the 
group delay is less than 630 ps. For PCLK frequencies 
less than 1.03 MHz, the group delay is less than 695 is. 
(At PCLK frequencies between these two values, the 
group delay may vary from one cycle to the next.) 
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Figure 11. Group Delay Distortion 
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Discrimination Against Out-of-Band 
Input Signals 


When an out-of-band sine-wave signal with frequency 
f and level A is applied to the analog input, there may be 
frequency components below 4 kHz at the digital output, 


Frequency of Out-of-Band Signal 


Amplitude of Out-of-Band Signal 
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caused by the out-of-band signal. These components 
are at least the specified dB level below the level of a 
signal at the same output originating from a 1014-Hz 
sine-wave signal with a level of A dBm0 also applied to 
the analog input. The minimum specifications are: 


Level below A 


16.6 Hz <f<45 Hz -—25 dBm0<A< 0 dBm0 18 dB 
45Hz <f<65 Hz -25 dBm0<As< 0 dBm0 25 dB 
65Hz <f<100Hz -25 dBm0<A< 0 dBm0 10 dB 
3400 Hz <f< 4600 Hz -25 dBm0<A< 0 dBm0 see Figure 12 
4600 Hz <f< 100 kHz ~25 dBm0<A< 0 dBm0 32 dB 


The attenuation of the waveform below amplitude A between 3400 Hz and 4600 Hz is given by the formula: 






: . ™(4000 -f) 
Att tion (dB) = 14- ——— 
enuation (dB) 14 sin 1200 
0 
-10 
~20 
Level (dB) 
-30 
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~32 dB, -25 dBm0 < input < 0 dBmo 
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Figure 12. Discrimination Against Out-of-Band Signals 


Discrimination Against 12- and 16-kHz 
Metering Signals 


If the DSLAC device is used in a metering application 
where 12- or 16-kHz tone bursts are injected onto the 
telephone line toward the subscriber, a portion of those 
tones may also appear at the Vin input terminal. These 
out-of-band signals may cause frequency components 
to appear below 4 kHz at the digital output. For a 12-kHz 
tone, the frequency components below 4 kHz will be 


reduced from the input by at least 48 dB, and for 16-kHz 
tones, the components are reduced by more than 70 dB. 


To avoid degradation of in-band transmission perform- 
ance, the input levels of these out-of-band tones must 
be limited. The maximum allowable level at 12 kHz is 
100 mV rms, and is 500 mV rms at 16 kHz. An external 
notch filter at the Vin input to the DSLAC device, incorpo- 
rated along with the metering injection design, is effec- 
tive in reducing these tone levels. 
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Spurious Out-of-Band Signals 
at the Analog Output 


With PCM code words representing a sine-wave signal 
in the range of 300 Hz to 3400 Hz at a level of O dBm0O 
applied to the digital input, the level of the spurious out- 
of-band signals at the analog output is less than the limits 
shown below. 


Frequency Level 

4.6 kHz to 40 kHz —32 dBm0 
40 kHz to 240 kHz —46 dBm0 
240 kHz to 1 MHz —36 dBm0 


With code words representing any sine-wave signal in 
the range 3.4 kHz to 4.0 kHz at a level of 0dBm0 applied 
to the digital input, the level of the signals at the analog 
output are below the limits in Figure 13. The amplitude of 
the Spurious Out-of-Band signals between 3400 Hz and 
4600 Hz is given by the formula: 


1 (f-4000) 


A=-14-14 sin 1200 


dBmo 


Single Frequency Distortion 

The output signal level, at any single frequency in the 
range of 300 Hz to 3400 Hz, other than that due to an 
applied 0-dBm0 sine-wave signal with frequency f in the 
same frequency range, is less than -46 dBm0. With 
f swept between 0 to 300 Hz and 3400 to 12 kHz, any 
generated output signals other than f are less than -28 
dBm0. This specification is valid for either transmission 
path. 


Level (dBm0) 


3.4 4.0 
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Intermodulation Distortion 

Two sine-wave signals of different frequencies f; and fz 
(not harmonically related) inthe range 300 Hz to 3400 Hz 
and of equal levels in the range -4 dBm0 to —21 dBm0 
do not produce any 2 - fi — fz products having a level 
greater than —42 dB relative to the level of the two input 
signals. 


A sine-wave signal in the frequency band 300 Hz to 
3400 Hz with input level —9 dBm0 and a 50-Hz signal with 
input level —-23 dBm0, will not give any intermodulation 
products exceeding a level of -56 dBm0. These specifi- 
cations are valid for either transmission path. 


Idie Channel Noise 

When the signal at the analog input is zero and the digital 
output (DXA or DXB) is connected to the digital input 
(DRA or DRB), the maximum levels of the noise mea- 
sured at the analog output are: 


Weighted noise: 
Unweighted noise (300-3400 Hz): 


68 dBm0p 
-55 dBm0 


When the signal at the analog inputis zero, the maximum 
level of the noise measured at the digital output does 
not exceed -68 dBm0p (A-law) or 19 dBrncO (u-law). 
When PCM code words representing digital zero are 
applied to the digital input, the maximum level of the 
noise measured at the analog output does not exceed 
-78 dBmOp (A-law) or 12 dBrncO (p-law). No single 
frequency component in the range above 3800 Hz may 
exceed a level of -55 dBm0. 
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Figure 13. Spurious Out-of-Band Signals 
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Crosstalk 


Transmit to Receive crosstalk within a channel. The 
crosstalk level at the analog output due to a 0 dBm0 
sine-wave signal in the frequency range 300 Hz to 3400 
Hz, applied to the analog input, is less than —75 dBm0. 


Receive to Transmit crosstalk within a channel. The 
crosstalk level at the digital output due to a 0 dBm0 
sine-wave signal in the frequency range 300 Hz to 3400 
Hz, applied to the digital input, is less than —-75 dBm0. 
Transmit to Transmit crosstalk between channels. 
With a 0-dBm0 sine-wave signal in the frequency range 
300 Hz to 3400 Hz applied to the analog input of 
one channel, the level at the digital output of the other 
channel does not exceed -76 dBm0. 

Transmit to Receive crosstalk between channels. 
The crosstalk level at the analog output of one channel 
due to a 0 dBm0 sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the analog input of the 
other channel, will be less than —-78 dBm0. 

Receive to Transmit crosstalk between channels. 
The crosstalk level at the digital output of one channel 
due to a0 dBm0 sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the digital input of the other 
channel, will be less than —76 dBm0. 
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Figure 14. Gain Tracking with Noise Input 
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Receive to Receive crosstalk between channels. The 
crosstalk level at the analog output of one channel due 
to a 0 dBm0 sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the digital input of the other 
channel, will be less than —78 dBm0. 


Variation of Gain with Input Level 

The gain deviation relative to the gain at -10 dBm0 is 
within the limits shown in Figure 14 for either transmis- 
sion path when the input signal is a noise signal (for 
example, CCITT Rec. 0.131). 


The gain deviation relative to the gain at -10 dBm0 
is within the limits shown in Figure 15 for either trans- 
mission path when the input is a sine-wave signal of 
frequency 1014 Hz. 


Total Distortion, Including Quantizing 
Distortion 

The signal-to-total distortion ratio will exceed the limits 
shown in Figure 16 for the receive path when the input 
signal is a noise signal (for example, CCITT Rec. 0.131). 
The transmit path specification is 1 dB less than that 
shown for the receive path. 


The signal-to-total distortion will exceed the limits shown 
in Figure 17 for either transmission path when the input 
is a sine-wave signal of frequency 1014 Hz. 
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Figure 17. Total Distortion with Tone Input (Both Paths) 
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Overload Compression 

Figure 18 shows the acceptable region of operation for input signal levels above the reference input power (0 dBm0). 
The conditions for this figure are: (1) 1 dB < GX < 12 dB; (2) -12 dB < GR <—1 dB; (3) PCM output connected to PCM 
input; and (4) measurement analog-to-analog. 
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Figure 18. A/A Overload Compression 
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SWITCHING CHARACTERISTICS over operating range (unless otherwise noted) 
Microprocessor Interface 


Min and Max values are valid for all digital outputs with a 150-pF load, except C1 to C5 with a 30 pF load. Pull-up 
resistors of 360 ohms are attached to TSCA and TSCB. 





No. | Symbol | Parameter | Min | Typ | Max | Units 
1 Data Clock Period ee ee ee 
2 Data Clock High Pulse Width (Note 1) Ee ha aes 
3 Data Clock Low Pulse Width (Note 1) | oy | TY ns 
4 Rise Time of Clock re ee eee 
5 Fall Time of Clock (een (ARC BT 
6 Chip Select Setup Time, Input Mode | 70 | | tocr-10 | ns 
7 Chip Select Hold Time, Input Mode po Tf toon-20 | ns 
8 Chip Select Pulse Width, Input Mode | | Btocy «=f dons 
9 Chip Select Off Time, Input Mode (Note 7) aes ee eee 
10 Input Data Setup Time | so | tts 
11 | tox | Input Data Hold Time so | ts 
12 SLIC Output Latch Valid | 20 | 1000 fs 
13 Chip Select Setup Time, Output Mode | 70 | I trev-10 | ns 
14 | tocsn | Chip Select Hold Time, Output Mode Ei ian ee ns 
15 Chip Select Pulse Width, Output Mode " [| Bt [ons 
16 Chip Select Off Time, Output Mode (Note 7) an ee eee 
17 Output Data Turn On Delay (Note 5) aces rane ee 


ta_| toon | OutputDataHoldTime ts 
19 | tooor | OutputDataTum offDelay cts 
20 | toc | Output Data Valid to cts 


PCM Interface 


No. Parameter | Min” | Typ | Max | Units 


21 | ter | POM ClockParod Notea)SSSCSC~dtC «dC | 
26_[ ts | FSSeupTime SSS id 0 


Delay to TSC Valid 5 80 ns 
28 trsp (with Programmable Delay) (Note 3) 30 150 ns 
Delay to TSC Off 5 80 ns 
29 trso (with Programmable Delay) (Note 6) 30 150 ns 
PCM Data Output Delay 3 80 ns 
30 tox (with Programmable Delay) (Note 4) 30 150 ns 
PCM Data Output Hold Time 5 80 ns 
31 toxs (with Programmable Delay) (Note 4) 30 150 ns 
PCM Data Output Delay to High-Z 5 80 
32 toxz (with Programmable Delay) (Note 4) 30 150 ns 
33 PCM Data Input Setup Time ee ee ee 
34 [tom | PCM Data Input Hold Time _ ee ee ee 


a 
on 
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Master Clock 
For 2.048 MHz +100 ppm or 4.096 MHz +100 ppm operation: 


-_ 
Parameter | Min | Typ | Max | __Units 


J ter Master Clock Period (2.048 MHz) 
‘wer | Master Clock Period (4.096 MHz) 244.11 | 244.14 | 244.17 | 
| _twen | RiseTimeofClock Tt 
a ee ee 

Z MCLK High Pulse Width (2.048 MHz) | 200 | | | 
MCLK Low Pulse Width (2.048 MHz) | 20 | #+| | 


Notes 1. DCLK may be stopped in the High or Low state indefinitely without loss of information. If DCLK is stopped in the High state, CS can 
subsequently make any number of transitions without activating the Microprocessor Interface logic. 


2. The PCM clock frequency must be an integer multiple of the frame sync frequency with a long term accuracy of 100 ppm. The maxi- 
mum allowed PCM clock frequency is 8.192 MHz. The actual PCM clock rate is dependent on the number of channels allocated within 
aframe. The minimum clock frequency is 128 kHz. A PCLK of 1.544 MHz may easily be used for standard U.S. transmission systems. 

3. TSC is delayed from FS by a typical value of N « tecy, where N is the value stored in the time/clock-slot register. 


4. There is a special conflict detection circuitry which will prevent high-power dissipation from occurring when the DXA or DXB pins of two 
DSLAC devices are tied together and one DSLAC device starts to transmit before the other has gone into a high-impedance state. 


5. The first data bit is enabled on the falling edge of CS or on the falling edge of DCLK, whichever occurs last. 

6. trso is defined as the time at which the output achieves the open circuit condition. 

7. The DSLAC device requires 40 cycles of the 8-MHz intemal clock (5 js) between SIO operations. If the MPI is being accessed while 
the MCLK input is not active, a Chip Select Off time of 20 ts is required. 
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SWITCHING WAVEFORMS 
Input and Output Waveforms for AC Tests 


Test 
Points 











2.4 2.0 
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Master Clock Timing 
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Microprocessor Interface (Input Mode) 


DCLK Vi. 








Oo 
z 


© 
XAXAAXAXL aia XY Vait_« XAX 


Outputs 
C5-C1 





09875-025C 


Microprocessor Interface (Output Mode) 


Vin 
DCLK Vi 
© 
@ 
. TL 


—Q—> 
@ 


B 
) 
D Three-State Vou F Data i) Data Data Three-State 
oe Vo. 4 Valid WA Valid Valid 


09875-026C 
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PCM Highway Timing for XE=0 (Transmit on Negative PCLK Edge) 


° 
Vin’ \ : 
PCLK Vin 
1@ | 1.2 
off 


Time Slot Zero 
Clock Slot Zero 





FS 
TSCA/ 
TSCB See Note 6 











DXA/DXB First Bit oh 


orth 2) 


pawore WAKXAAAKNAAK SLAMMED AX XX _XAXX nn 
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PCM Highway Timing for XE=1 (Transmit on Positive PCLK Edge) 


Time Slot Zero 
Clock Slot Zero 





@}) 
° 
Vin \ a 
PCLK Vi 
iB 
© G7) 
FS 
TSCA/ 
TSC "\ See Note 6 
B 
Vor 
© @ 


ore EX RRRKKKHNOX SHH EXO ARIK YOKERE 
Note: In this mode, the PCM transmit timing is compatible with other CODEC IC's. 


09875-027C 


SLAC/DSLAC Products 2-111 


A ano PRELIMINARY 


2-112 Am79C02/3(A) Data Sheet 


al 
Am79C04(A) Advanced 


Micro 
Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device) Devices 


DISTINCTIVE CHARACTERISTICS 


m 10M 2 Interface @ Adaptive trans-hybrid balance function 

—Control and PCM on one bus (Am79CO4/A only) 
— Data rate up to 4.096-MHz independent of @ 2.048- or 4.096-MHz master clock 

master clock : : ; 

= Simple interface to Am795XX series SLICs 

Two independent channels ® Direct transformer drive 
Software programmable = Built-in test modes 
— SLIC impedance 
—Trans-hybrid balance = Low-power CMOS 
— Transmit and receive gains @ Mixed mode (analog and digital) impedance 


— Equalization scaling 
— Digital I/O pins with input debouncing 


Performance characteristics guaranteed over 
@ A-law or p-law coding 12-dB gain range 


BLOCK DIAGRAM 


aE 
Vint Signal processing Highway 


Channel 1 (CH 1) 






Vous 
[ee aes 
i i 
Vine P F DCL 
Signal processing bal 
Channel 2 (CH 2) 
Voure FSC 
SLIC 
10M 2 
C4/INe MUX/DEMUX 
C5/INs 
C1; 
C2, 
C3/E: MCLK 
on —_ 
SLIC 
C4p/INo Interface pal CFG. 
C5./IN2 CFG,/RST 
Clo 
C2, pa = 
Si 
C32/CHCLK pe é: 


DET2/INs 
12764A-001 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended 
to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 


Publication #: 12764 Rev.C Amendment /0 2-1 13 
Issue Date: June 1992 
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GENERAL DESCRIPTION 

The DSLAC IC is designed to be used in telecom- 
munication linecards for both PBX and central office 
telephone exchanges. It converts the analog signal from 
the subscriber to digital PCM-encoded signals for trans- 
mission on the [OM 2 highway and converts a PCM- 
encoded signal received from an IOM 2 highway to an 
analog signal to be sent to the subscribers. The ad- 
vanced architecture of the DSLAC device implements 
two independent channels and employs digital filters to 
allow software control of transmission parameters. 
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Advanced CMOS technology gives the economical 
DSLAC device both the functions and the low-power 
consumption needed by linecard designers to maximize 
linecard density at minimum cost. When used with 
two SLICs, the DSLAC device provides a complete 
dual-channel, software-configurable solution to the 
BORSCHT (Battery feed, Overvoltage protection, Ring- 
ing, Supervision, coding, Hybrid and Test) function. 
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CONNECTION DIAGRAMS 
Top View 


C1, 
C2, 
C4,/INe 
AGND 
Vint 
Veet 
Vout 
Veca 
Vourta 
Vee2 
Vina 
CFGo 
CFG/RST 
C12 
C22 
C42/INs 





AGND L] 
RSRVD LJ 
Vin LJ 
Veer |_| 
Vout L_] 
Veoca 1 
RSRVD [_| 
Voure LJ 
Veez L] 
Vine [| 


RSRVD LJ 


Note: 1. Pin 1 is marked for orientation purposes. 


1 
2 
3 
4 
5 
6 
7 
8 





Q 
> 
ra 
7) 
| 
© 


5] RSRVD 
41] C4y/INe 


3] co, 
at} Ch 


RSRVD L_]18 
CFGo 
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32-Pin DIP 


AMD Zt 


C3V/E: 
C5i/INs 
DETV/IN« 
FSC 
DGND 
DU 


So 

MCLK 
DET2/IN; 
C32/CHCLK 
C52/IN2 


44-Pin PLCC 


1], | C3/E: 
444] CSiINs 








CFGVRST L] 20 
Cte 
C22 





DETi/INa 
42 |_|] RSRVD 


41|_] FSC 
40[_| RSRVD 











43 |] 





RSRVD 
DGND 
DU 

DD 
DCL 
RSRVD 
Vee 

S2 

$1 

So 
RSRVD 





MCLK LJ 27 
RSRVD LJ 28 


C3/CHCLK LJ 25 
DET-/IN: 


2. RSRVD = Reserved pin, should not be connected externally to any signal or supply. 
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ORDERING INFORMATION 
Standard Products 


AMD6® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


AM79C04 A P Cc 


TEMPERATURE RANGE 
*C = Commercial (0°C to 70°C, 
Relative Humidity = 15% to 85%) 


PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


DEVICE OPTIONS 


Blank = Standard Device 
A= Adaptive Trans-Hybrid Balance 


DEVICE NUMBER/DESCRIPTION 


Am79C04 
Dual Subscriber Line Audio-Processing Circuit (DSLAC device) 
with IOM 2 Interface 


Valid Combinations 


Valid Combinations lists configurations planned to 
be supported in volume for this device. Consult the 
local AMD sales office to confirm availability of spe- 
cific valid combinations, to check on newly re- 
leased combinations, and to obtain additional data 
on the AMD standard military grade products. 










Valid Combinations 


AM79C04 AJC, APC, JC, PC 


* The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended 
Temperature Supplement for information on industrial temperature range (~40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND 
Analog Ground 


C1,, C2;, C3,/E:, C12, C2,, C3,/CHCLK 
SLIC Outputs 


These latched outputs are TTL compatible and may be 
used to control the operation of a SLIC or any other de- 
vice associated with the subscriber line. C11, C2;:, and 
C3,/E; are associated with Channel 1 and C12, C22, and 
C3./CHCLK are associated with Channel 2. The outputs 
are set to a Low level when the device is powered up. 
The C/I (Command/Indicate) channel is then used to 
write data to these pins. 


In the Multiplexed mode, the C3./CHCLK output pro- 
vides a 256-kHz or 273-kHz, 50% duty-cycle clock for 
use by two SLICs. The CHCLK frequency is synchro- 
nous to MCLK, but the phase relationship to MCLK is 
random. It is capable of driving two TTL inputs. As 
CHCLK, this output is only active when one or both 
channels are inthe active state; otherwise it is held High. 
In the Multiplexed mode, the C3,/E; output is used to 
control the DET output from an Am795XX series SLIC. A 
High level allows the SLIC to output its ground-key de- 
tect status while a Low level allows the SLIC to output 
the status of its off-hook detector. C3/E, can be pro- 
grammed to go to a High level for approximately 16 ys 
every 1 to 15 ms to demultiplex the DET inputs. 


C5,/INs, C52/IN2, C4,/INc, C4,/INs 
SLIC Inputs/Outputs 


Each pin may be programmed to be an input or output. 
C4,/INs and C5,/INs are associated with Channel 1 and 
C4./INs and C52/IN2 are associated with Channel 2. All 
pins are set to the Input mode when the device is pow- 
ered up. If these pins are programmed to be outputs, 
they are written via the C/I channel. These lines are TTL 
compatible with latched outputs and may be used to 
control the operation of a SLIC or any other device asso- 
ciated with the subscriber line. If the pins are pro- 
grammed to be inputs, C4;/INe will appear as C/I up- 
stream bit 6, C5,/INs will appear as C/I upstream bit 5, 
C4,/INs will appear as C/I upstream bit 3, and C52/IN2 
will appear as C/I upstream bit 2. The Monitor Channel 
may be used to read the data on these pins. 


AMD a 


CFGJ/RST, CFG, 
Configuration Number Assignment 


These inputs allow a configuration number assignment 
from 0 to 5 by connecting them to either -5 V, ground, 
or +5 V. A voltage of greater than +2 V applied to 
the CFG,/RST input causes the device to perform a 
hardware reset. For proper operation, CFGo should be 
hardwired to one of the DSLAC device’s power supplies. 


DCL 
IOM 2 Clock 


The IOM 2 clock determines the rate at which 1OM 2 
data is serially shifted into or out of the IOM 2 ports. This 
rate is twice the desired bit rate. The maximum clock fre- 
quency is 8.192 MHz and the minimum clock frequency 
is 512 kHz. The IOM 2 clock may be asynchronous to 
MCLK. 


DD 
IOM 2 Downstream Input 


Downstream data is received serially on the DD port 
every 125 ps at half the DCL rate. 


DET,/IN,, DET/IN; 
Loop Status Detector Inputs 


In the Multiplexed mode, the DET,/IN. and DET2/IN; in- 
puts are intended to monitor outputs from a Subscriber 
Line Interface Circuit (SLIC), providing off-hook and 
ground-key sensing on the same signal. When the 
E; output is Low, the [OM 2 DSLAC device interprets 
DETVIN. or DET-/IN; as off-hook detector inputs. When 
E; is High, the DSLAC device interprets these pins 
as ground-key detector inputs. These pins may also 
be used in a non-Multiplexed mode, whereby the 
DETVIN, input is routed to the C/I upstream bit 4 and 
the DET./IN; input is routed to the C/I upstream bit 1. 
These inputs are TTL compatible. 


DGND 

Digital Ground 

DU 

IOM 2 Upstream Output 


Upstream data is output serially on the DU pin every 
125 ps at half the DCL rate. DU is high impedance be- 
tween bursts. This pin is an open-drain output. 
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FSC 
Frame Sync 


The Frame Sync pulse is an 8-kHz signal which identi- 
fies the beginning of a frame. The [OM 2 DSLAC device 
references individual time slots with respect to the 
Frame Sync pulse. FSC is synchronized to DCL. 
MCLK 

Master Clock 


The Master Clock is a 2.048- or 4.096-MHz clock input 
for use by the digital signal processor. DCL may be 
asynchronous to MCLK. 


S.-So 
Time Slot Number Assignment 


These inputs are used for a time slot number assign- 
ment from 0 to 7. They direct the DSLAC device to input 
and output PCM and programming information on one 
of eight time slots. 


Vee 
Digital Power Supply 
+5-V digital power supply. 
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Veca 
Analog Power Supply 


+5-V analog power supply must be connected to 
the +5-V digital power supply. 


Vees 

-5-V power supply— Channel 1. 
Vee2 

-5-V power supply— Channel 2. 
Vins, Vine 


Analog Inputs 


The analog input is applied to the transmit path of 
the IOM 2 DSLAC device. The signal is sampled, digi- 
tally processed, and encoded for the IOM 2 PCM output. 
Vin is for Channel 1 and Viz is for Channel 2. 


Vours sVoure 
Analog Outputs 


The received PCM data is digitally processed and con- 
verted to an analog signal at the Vour pin. Vour: is for 
Channel 1 and Vourz is for Channel 2. These outputs 
may be used to drive a transformer SLIC directly. 
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FUNCTIONAL DESCRIPTION 


The DSLAC device performs the Codec/filter func- 
tions associated with the four-wire section of the sub- 
scriber line circuitry in a digital switch. These functions 
involve converting an analog voice signal into digital 
PCMsamples and converting digital PCM samples back 
into an analog signal. The PCM codes are 8-bit and are 
programmed to be either A-law or p-law companded. 
During conversion, digital filters are used to band-limit 
the voice signals. 


The user-programmable filters set the receive and 
transmit gain, perform the trans-hybrid balancing 
function, permit adjustment of the two-wire termination 
impedance, and provide frequency attenuation adjust- 
ment (equalization) of the receive and transmit paths. 
Adaptive trans-hybrid balancing is a feature of the 
Am79CO4A. All programmable digital filter coefficients 
can be calculated using AMSLAC2™ software. 


The independent channels allow the DSLAC device to 
function as two SLAC™ devices. All of the digital filtering 
is performed in digital signal processors operating 
from either a 2.048-MHz or 4.096-MHz external clock. 
The A/D, D/A, and signal processing are separate for 
each channel. The I|OM 2 DSLAC device is available 
in a 32-pin DIP or a 44-pin PLCC. 


This section describes the operation of the IOM 2 in- 
terface portion of the Am79C04 DSLAC device. The 
operational and signal processing features of the 
Am79C04 DSLAC device are identical to the 
Am79C02. A full description of these features can 
be found in the Am79C02 data sheet. 










From Transmit—Channel 1 
Signal Processors— Channel 2 


SC byte 
M byte 


FSC ° 


DCL ¢ 
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Operational Modes 
See the Am79C02/3(A) Data Sheet. 


Signal Processing 
See the Am79C02/3(A) Data Sheet. 


IOM 2 Interface 


The IOM 2 Interface allows communication of both con- 
trol and voice data between the OM 2 highway and sub- 
scriber line circuits over a single pair of pins on the 
DSLAC device. 


Upstream IOM 2 Interface 


The upstream IOM 2 Interface logic (Figure 1) receives 
an 8-bit compressed voice code from each subscriber 
channel signal processor. Also input to the multiplexer 
are a Status and Control (SC) byte containing subscrib- 
er line status information and a Monitor (M) byte con- 
taining processor status information. These four inputs 
are formed into a 4-byte time slot by the upstream multi- 
plexer and sent upstream via the DU pin on the DSLAC 
device. The frame sync (FSC) pulse identifies the begin- 
ning of a frame and all time slots are referenced to it. 


The time slot is determined by the code appearing 
on the Time Slot Assignment pins, S--So. This allows 
up to eight 4-byte time slots (using a DCL of 4.096 MHz) 
in each frame. This feature allows any clock frequency 
between 512 kHz and 4.096 MHz (1 to 8 time slots) 
in a system. Frequencies between 4.096 MHz and. 
8.192 MHz are allowed, but only the first eight time slots 
are used. 


Upstream 


—_—_> 
Multiplexer oe 


Time Slot ve 
Control Si 
S2 


12764A-002 


Figure 1. Transmit (Upstream) IOM 2 Interface 
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Downstream IOM 2 Interface 


The downstream IOM 2 Interface logic (Figure 2) de- 
multiplexes a time slot (determined by the code on pins 
SS) from the downstream data on input DD of the 
DSLAC device. The time slot contains voice data des- 
tined for each of the subscriber line signal processors. 
Also obtained from the time slot are an SC byte used for 
SLIC /O programming and an M byte used for signal 
processor programming. 


As in the upstream interface, one to eight 4-byte time 
slots are allowed in each frame (usingaDCL frequency 
of 512 kHz to 4.096 MHz). 


IOM 2 FORMAT AND COMMAND 
STRUCTURE 


1OM 2 Format 


Acomplete lIOM 2 frame is sent upstream on the DU pin 
and received downstream on the DD pin every 125 us. 
Each frame consists of up to eight 4-byte time slots. The 
overall structure of the IOM 2 frame is shown in Figures 
3 and 4. Figure 3 shows the pattern when only a single 
IOM 2 time slot is used with a 256 kb/s bit rate. In this 










To Receive “4—Channel 1 
Signal Processor €—Channel 2 


SC byte 
M byte 


FSC ° 


DCL ¢ 


Downstream 
Demultiplexer 


Time Slot 
Control 
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case the same 32-bit time slot is sent for every frame. 
Figure 4 shows the pattern when the maximum capacity 
of eight IOM 2 time slots is used. In this case, a bit rate of 
2048 kb/s is needed. Any number of time slots between 
1 and 8 can be used, provided the bit rate is adjusted 
such that a complete frame of time slots can occur every 
125 us. Note that the DCL clock input must be set at a 
frequency of twice the desired bit rate. 
An individual 4-byte IOM 2 time slot contains the 
following: 
e Two bytes, B1 and B2, containing voice data for two 
separate channels. One IOM 2 time slot can serve 
two analog subscriber lines. 


e One Monitor (M) byte for reading and writing control 
data and DSP coefficients. 


e One Signaling and Control (SC) byte containing a 
6-bit Command/Indicate (C/I) field for control in- 
formation and a 2-bit field with Monitor Receive and 
Monitor Transmit (MR and MX) bits for handshaking 
functions. All principal signaling information is carried 
on the C/I channel. 


DD 


So 
S: 
S2 


12764A-003 


Figure 2. Receive (Downstream) IOM 2 Interface 
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Figure 3. 1|OM 2 Time Slot Structure (256 kb/s) 
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FSC 
0-3 47 8-11 12-15 16-19 20-23 24-27 28-31 


8 8 
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Figure 4. Multiplexed IOM 2 Time Slot Structure (2048 kb/s) 


Programming the DSLAC device is accomplished by 
using the Signaling and Control (SC) and Monitor (M) 
bytes of the downstream IOM 2 channel. Additionally, 
data programmed previously may be read out for verifi- 
cation via the upstream IOM 2 channel M and SC bytes. 
For each subscriber channel, commands are provided 
to assign values to the following parameters: 


Transmit gain 

Receive loss 

B-filter coefficients 

X-filter coefficients 

R-filter coefficients 

Z-filter coefficients 

Adaptive B-filter parameters 

AISN coefficient 

Switch-hook/ground-key sampling interval 


Debounce time for SLIC input port 
Read/Write SLIC input/output 
Enable/disable GX filter 
Enable/disable GR filter 
Enable/disable B filter 
Enable/disable X filter 
Enable/disable R filter 
Enable/disable Z filter 
Enable/disable adaptive B filter 
Enable/disable AX amplifier 
Enable/disable AR amplifier ° 
Selection of A-law or p-law code 
Selection of test modes 

Selection of active or standby mode 
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The SC Channel Command Structure 


Downstream C/I Channel 


C/I bit 6, the first bit received of the SC octet, is the ad- 
dress bit and selects whether the data in C/I bits 5 
through 1 is intended for Channel 1 or Channel 2. C/I 
bits 5 through 1 are directed to Cs through C1, provided 
these SLIC I/O bits are programmed to be outputs. Any 
data directed to a SLIC line programmed to be an input 
would be ignored. 


—_—_ Downstream SC Octet ——————> 


pe} s} ats | a | is |wn | ox | 


|} C/l Field 


Downstream Bit Definitions of C/I field: 


Bit 6— Address bit. AO selects Channel 1. A1 selects 
Channel 2 


Bit 5—Data to C5 (if configured to be an output) 
Bit 4—Data to C4 (if configured to be an output) 
Bit 3—Data to C3 (in non-Multiplexed mode) 

Bit 2—Data to C2 

Bit 1—Data to C1 
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Figure 5 shows a flow chart describing the maximum 
security protocol. Whenever the received pattern of C/I 
bits 6 through 1 is different from the pattern currently in 
the C/I input register, the new pattern is loaded into a 
secondary C/I register. When the next pattern is re- 
ceived (in the following cycle), the following rules apply: 


1. If the channel is addressed in the following frame 
and the received pattern corresponds to the pattern 
in the secondary register, then the new pattern is 
loaded into the C/I register. 


2. lfthechannelis not addressed in the following frame, 
the newly received pattern is loaded into the 
secondary C/I and the content of the C/I register is 
unchanged. 


3. Ifthe channel is addressed in the following frame but 
the received pattern is different from the pattern in 
the secondary register and different from the pattern 
currently in the C/I register, the newly received 
pattern is loaded into the secondary C/I register. 


AS 


. Ifthe channel is addressed in the following frame but 
the received pattern is the same as the pattern 
currently in the C/I register, the C/I register is 
unchanged. The result is the C/I field (6-1) must be 
the same for two consecutive frames before it is 
latched internally. 


Receive new 
C/l code 


No 


I: C/l Register Contents 


S: C/I Secondary Register Contents 


Receive new 
C/| code 





Load C/I Register 
with new code 


12764A-—006 


Figure 5. Security Procedure for C/I Downstream Byte 
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Upstream C/I Channel 


There are three upstream C/I bits for each of the two 
analog lines. C/I bits 4, 5, and 6 are used for Channel 1, 
while C/I bits 1, 2, and 3 are used for Channel 2. Since 
the upstream receiving device will also be applying a 
last look security protocol to the complete 6-bit C/I field, 
and since changes to the C/I pattern will not be synchro- 
nized between two independent source devices, each 
new 3-bit pattern must be present in at least three con- 
secutive 125-us frames to ensure transfer. 


¢—____—_- —————> 


Upstream SC Octet 
MSB LSB 


pets} st st 2d sf mal ux | 
+ C/l Field ——— 


Upstream Bit Definitions of C/I field: 


Bit 6—C4,/INe, if C4,/INe is programmed to be an input, 
High otherwise 


*Bit 5—Ground-key detect, Channel 1 (Multiplexed 
mode), or C5/INs (non-Multiplexed mode if pin is pro- 
grammed to be an input), or logic 1 (if pin is programmed 
to be an output) 


*Bit 4—Switch-hook detect, Channel 1 (Multiplexed 
mode), or DETV/IN« (non-Multiplexed mode) 


Bit 3— C4./INs, if C42/INs is programmed to be an input, 
High otherwise 


*Bit 2—Ground-key detect, Channel 2 (Multiplexed 
mode), or C52/IN2 (non-Multiplexed mode if pin is pro- 
grammed to be an input), or logic 1 (if pinis programmed 
to be an output) 


*Bit 1—Switch-hook detect, Channel 2 (Multiplexed 
mode), or DET2/IN; (non-Multiplexed mode) 


*The data sent from the DSLAC device on bits 5, 4, 2, and 1 
reflect the output from the corresponding debounce circuit, if 
enabled. 


The Monitor Channel 
Monitor Channel Protocol 


The Monitor Channel is used to load internal device reg- 
isters, to read the status of the device and the contents 
of the internal registers, and to provide supplementary 
signaling. Information is transferred on the Monitor 
Channel using the MR and Mx bits of the fourth (SC) oc- 
tet to provide a reliable method of handshaking.* 


Monitor byte information is transferred via the IOM 2 In- 
terface between read/write registers in the DSLAC 
device and upstream devices using the following proce- 
dure (refer to Figures 6 through 9). Note that the active 
state of the MX and MR bits is Low. 


AMD zl 


1. The MX bit remains in the inactive state for two or 
more consecutive frames to indicate an idle state or 
an end of transmission on the Monitor channel. 


2. A start-of-message is initiated by the sender by a 
transition of the MX bit from the inactive state to the 
active state together with the first byte transmitted in 
the monitor data octet of the same frame. The 
transmission may start only if the MR bit received by 
the transmitter has previously been in the inactive 
state for at least two frames. The receiver acknow- 
ledges start-of-messages by a transition of its MR bit 
to the active state and confirms receipt of the first 
byte by holding the MR bit in the active state for a 
second frame. 


3. The transition of the MX bit from the active to the 
inactive state indicates the transmission of a new 
byte. The transition of the MX bit from the inactive 
state to the active state in the following frame 
indicates a repeat of the new data byte. 


4. The transition of the MX bit from the active to the 
inactive state, followed by a repeat of the inactive 
state for at least one or more frames, indicates 
end-of-message and that the content of the monitor 
data field is invalid. 


5. The transition of the MR bit from the active to the 
inactive state acknowledges receipt of the first 
transmission of a new byte. The transition of the MR 
bit from the inactive to the active state in the following 
frame confirms the new byte has been correctly 
received. 


6. The transition of the MR bit from the active to the 
inactive state, followed by a repeat of the inactive 
state for at least one more frame, acknowledges the 
receipt of end-of-message or, if received before 
end-of-message has been transmitted, requests to 
abort the message and repeat. 


7. The active state of the MX bit, accompanied by 
further transmissions of the current data byte, may 
continue indefinitely (subject to a time out) for the 
purpose of flow control. 


8. The active state of the MR bit may continue 
indefinitely (subject to a time out) for the purpose of 
flow control. 


Each data byte is repeated until the transmission of a 
new byte, an end-of-message, or an abort. 


*The IOM 2 DSLAC device will acknowledge receipt of a Monitor byte only if it is identical to the Monitor byte of the previous Frame. [This 


is the same security protocol used for the C/I bits (6-1).] 
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The circled numbers in Figures 6 through 9 refer to the sequence numbers listed previously: 
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12764A-007 
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Receiver 
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12764A-009 


Figure 8. Single Byte Message Transfer 
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Abort 
Request 


12764A-010 


Figure 9. Abort Request on Single Byte Message Transfer 
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Monitor Channel Command Structure 


The Monitor byte is the third byte in the 4-byte frame 
sent and received every 125 1s over the DU or DD pins. 
A Monitor command consists of one or more command 
bytes which may be followed with additional bytes of in- 
put data or may be followed by the DSLAC device send- 
ing out bytes of data over the DU pin. The first byte sent 
in a monitor channel message contains address, com- 


Dr De Ds D, Ds D2 D; Do 


Re ie 


F 


D; De Ds Ds Ds De Di; 


Cheb PT: 
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mand, and read/write information conforming to the 
format in the diagrams below. Commands #25 through 
#40 are used to program the internal filters of the 
DSLAC device. Please refer to the Am79C02/3(A) 
DSLAC Preliminary Data Sheet for a complete descrip- 
tion of the filter transfer functions and the coefficient 
structure. 


D2—Do: Opcode Bits 


D3=0: Command sent to address defined by bit D, 
Ds=1: Command sent to both channels, D, ignored 


Ds=0: Command to Channel 1 
Ds=1: Command to Channel 2 


Ds=1: Single Byte Command 


12764A-011 


: Two Byte Command + 
1 byte of control data 


: Two Byte Command + 
1 or more bytes of coefficient data 


D2=0 
D2=1 


: Read Command 
: Write Command 


D3=0: Command sent to address defined by bit D, 
Ds= 1: Command sent to both channels, Ds ignored 
Da=0: 
Da=1: 


Ds= 


Command to Channel 1 
Command to Channel 2 


0: Multiple Byte Command 


12764A-012 
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Summary of Monitor Channel Commands 


# 


ON Ooh whNnD — 


OwWWOWWWWOWWOWONDNNNNNNHNNNND HP tFPAYtetereeteest aso 
OOnN OTA WON HO WDTAN OAAA WH HZ ODT AN OTF ON |= CO O 


40 


Ais referred to as DST in the following section. 


A: 0=Destination is Channel 1 
1=Destination is Channel 2 


Byte 1 


101AB000 
101AB001 
101AB010 
101AB011 
101AB100 
101AB110 
101AB111 
100A0000 
100AB100 
100A0000 
100AB100 
100A0000 
100A0000 
100AB100 
100A0000 
100AB100 
100A0000 
100AB100 
100A0000 
100A0000 
100AB100 
100A0000 
100AB100 
100A0000 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 
100AB110 
100A0010 


Byte 2 


00000000 
00000001 
00000001 
00000011 
00000011 
00000100 
00000101 
00000101 
00000110 
00000110 
00000111 
00000111 
00001000 
00001001 
00001001 
00001010 
00001010 
00000000 
00000000 
00000001 
00000001 
00000010 
00000010 
00000011 
00000011 
00000100 
00000100 
00000101 
00000101 
00000110 
00000110 
00000111 
00000111 


Inactivate (Standby mode) 

Reset 

No Operation 

Reset to Normal Conditions 
Activate 

MCLK = 2.048 MHz 

MCLK = 4.096 MHz 

Read Channel ID Information 

Write AISN & Analog Gains 

Read AISN & Analog Gains 

Write SLIC Input/Output Direction 
Read SLIC Input/Output Direction and Power Status 
Read SLIC Input/Output Registers 
Write Operating Functions 

Read Operating Functions 

AMD Internal Use Only 

AMD Internal Use Only 

Write Operating Conditions 

Read Operating Conditions 

Read Revision Code Number 

Write Ground-Key Sampling Interval 
Read Ground-Key Sampling Interval 
Write SLIC Upstream Input Debounce Time 
Read SLIC Upstream Input Debounce Time 
Write GX-Filter Coefficients 

Read GX-Filter Coefficients 

Write GR-Filter Coefficients 

Read GR-Filter Coefficients 

Write Z-Filter Coefficients 

Read Z-Filter Coefficients 

Write B-Filter Coefficients 

Read B-Filter Coefficients 

Write X-Filter Coefficients 

Read X-Filter Coefficients 

Write R-Filter Coefficients 

Read R-Filter Coefficients 

Write Echo Path Gain 

Read Echo Path Gain 

Write Error Level Threshold 

Read Error Level Threshold 

B is referred to as AM in the following section. 


B: 0=Command to channel defined by A bit 
1=Command to both channels, A bit ignored 
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DETAILED MONITOR COMMAND DEFINITIONS 


inactivate (Standby mode) 


MSB LSB 
rome: [1 | ©] + [otf am] o |] oe [0 | 
Bit Name Description | 


During Inactive mode (of one or both channels), none of the programmed information is changed 
and the analog output is set to 0 V. 


Reset 
MSB LSB 
rome: [1 | 0 | 1 Joop ay o]e | 
Bit Name Description 


The Reset state of the device is: 
. A-law is selected. 
. B, X, R, and Z filters are disabled and AISN gain is Zero. 
. Transmit (GX and AX) and Receive (GR and AR) gains are set to unity. 
. SLIC Input/Output is set to the Read mode. 
. Normal conditions are selected (see Command 4). 
The Adaptive mode and Error Level Threshold are reset. 
. The SLIC interface is set to the non-Multiplexed mode. 
. Both channels are placed in the Inactive (Standby) mode. 


zra*onaodoneomn 


Reset to Normal Conditions 


MSB | LSB 
rome [1 [0 [+ [orpmpeps [| 


Bit Name Description 


Normal conditions are: 

a. 6 dB loss in receive path not inserted. 
b. Receive path not cut off. 

c. High-pass filter enabled. 

d. Test modes are turned off. 
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Activate (Operational Mode) 


MSB LSB 
roma [1 [©] [or[m[ate]e 


Bit Name Description 


Valid |OM 2 data is not transmitted until after the second FSC pulse is received following the exe- 
cution of the Activate command. 


Set MCLK to 2.048 MHz 
MSB LSB 
rome [1] [a port m@]+][i]. | 


Set MCLK to 4.096 MHz 


MSB LSB 
roma: [+ ] 0] [orp m[+][+ fo 


Read Channel Identification Information 


Command 
MSB LSB 


roma: [1 [©] o]orfo][o]le]o 





Output Data 
[otf 0] esac: | or |e | ee 

Bit Name Description 
SRC Source 

0=Source is Channel 1. 

1 =Source is Channel 2. 
C Configuration 

This field reflects the state of the configuration inputs. 
T Device Type 

These 2 bits always have a value of 10. 
L Design Level 


This 6-bit field is used to differentiate between different implementations of the same device type. 
The IOM 2 DSLAC device is assigned the number 000100. 


SLAC/DSLAC Products 2-129 


21 amo PRELIMINARY — 
Write AISN and Analog Gains 
Command (2 Bytes) 


roma: [1 [© | © [ow] mys] fe! 


Input Data 

se es Es ee] 
Bit Name Description 
AX Transmit Analog Gain 


AX=0 0 dB gain 
AX=1 6 dB gain 


AR Receive Analog Loss 


AR=0 0 dB loss 
AR=1 6 dB loss 


A,B,C,D,E  AISN coefficients 


The Analog Impedance Scaling Network (AISN) gain can be varied from —0.9375 to 0.9375 in 
increments of 0.0625. The gain coefficient is encoded and decoded using the following equation: 


haisy = 0.0625 ((A2* + B2° + C2? + D2' + E2°)— 16) 


where hain is the gain of the AISN and A, B, C, D, and E=0 or 1. A value of ABCDE = 10000 
implements a special digital loop-back mode and a value of ABCDE =00000 indicates a gain of 0 
(cut off). 


Read AISN and Analog Gains 


Command (2 Bytes) 
MSB LSB 


roma’ «(1 [© [forte tele] | 


Output Data 
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Write SLIC Input/Output Direction 
Command (2 Bytes) 


MSB LSB 
Tetele,Te,]e*]e*|]+]7 


Pa ea eS A ea ee 


Bit Name Description 


Input Data 


Pins C5,/INs, C52/IN2, C4,/INc, and C42/IN, are set to Input or Output modes individually. The Input 
mode is set when the appropriate data bit is set to 0, and the Output mode is set when the data 
bit is set to 1. 


Data bit A sets pins C5,/INs or C52/IN2 
Data bit B set pins C4,/INe, or C42/INs 


Read SLIC Input/Output Direction and Power Status 
Command (2 Bytes) 


MSB LSB 
Forma; | 1 | 9 | o fost] o [ o | o fo 
ae a VD 


Output Data 

Pele ee ee 
Bit Name Description 
Pl Power Interrupt Bit 


Pi=0 There has not been a power interruption since the fast software reset command. 


Pl=1 A power interruption has been previously detected requiring the DSLAC device to be 
completely reprogrammed. This bit is cleared by issuing a software reset command. 
THE DSLAC DEVICE CANNOT BE ACTIVATED UNTIL THIS BIT IS CLEAR. 


CS Channel Status Bit 
CS=0 The status of the channel is inactive (Standby mode). 
CS=1 The status of the channel is active (Operational mode). 
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Read SLIC Input/Output Registers 
Command (2 Bytes) 


MSB LSB 
Format; =| 1 | o | o | ost] o | o | o | o | 
Po te toftototrttofo | 
Output Data 
C5 C4 C3 C2 C1 


ee | Samer ee ee ee er | 


Bit Name Description 


C5 Refers to C5, or C5: if they are used as outputs. 
Refers to INs or IN2 if they are used as inputs. 


C4 Refers to C4; or C4, if they are used as outputs. 
Refers to INe or INs if they are used as inputs. 


Write Operating Functions 
Command (2 Bytes) 


MSB 
pe eels) we [oe 


Tor [mw [eapext aT la] 


Bit Name Description 


LSB 
1 


Input Data 


ABF Adaptive B Filter 


ABF=0 non-Adaptive mode 
ABF=1 Adaptive mode 


A/U A-law/p-law 


A/U=0 A-law coding 
A/U=1 pi-law coding 


EGR GR Filter 


EGR=0 GR filter disabled 
EGR=1 GR filter enabled 


EGX GX Filter 


EGX=0 = GX filter disabled 
EGX=1 GX filter enabled 


EX X Filter 


EX=0 X filter disabled 
EX=1 X filter enabled 
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Write Operating Functions—(continued) 


Bit Name Description 


ER R Filter 


ER=0 R filter disabled 
ER=1 R filter enabled 


EZ Z Filter 


EZ=0 Z filter disabled 
EZ=1 Z filter enabled 


EB B Filter 


EB=0 B filter disabled 
EB=1 B filter enabled 


Read Operating Functions 


Command (2 Bytes) ; 
MSB LSB 


Format: =| 1 | o | o [ost] o | o | o fo 
eee ee fe ee ay 


[ase [wu [eon [Texx[ x] a 2] @ | 


Output Data 


Write Operating Conditions 


Command (2 Bytes) 
MSB LSB 


ema ho ke 


Input Data 
| = [cre | ver | ra | ae | oe | —- | — | 
. Bit Name Description | 
CRP Cutoff Receive Path 


CRP=0 _ Receive path connected 
CRP =1 Receive path cutoff 


HPF High-Pass Filter 


HPF=0 _ High-pass filter enabled 
HPF=1 High-pass filter disabled 


RG Receive Path Gain 


RG=0 6 dB loss not inserted 
RG=1 6 dB loss inserted 
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Write Operating Conditions—(continued) 


Bit Name Description 


ALB Analog Loop-Back 


ALB=0 Analog loop-back disabled 
ALB=1 Analog loop-back enabled 


DLB Digital Loop-Back 


DLB=0 Digital loop-back disabled 
DLB=1 Digital loop-back enabled 


Note: Analog and Digital loop-backs must not be programmed at the same time. 


Read Operating Conditions 


Command (2 Bytes) 
MSB LSB 


Format; | 1 | 9 | o [ost] o | o | of} 
ee 2 Oe a ad 


C= [ow [rer [ns [as posy — | — 


Output Data 


Read Revision Code Number 


Command (2 Bytes) 
MSB LSB 
DST 


Format: {| 1 | 9 [ o [ost] o | of o fe | 
Para eee ee ees 


Input Data 

pa ee ee ee | 
Bit Name Description 
DST Don’t care 
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Write Ground-Key Sampling Interval 
Command (2 Bytes) 


= 


SB LSB 


roma, [+] 0] > por[m]+.[el. | 


Input Data 

C= | = [or [wx [as Toe [on | ano | 
Bit Name Description 
MUX Multiplexed mode 


MUX=0 non-Multiplexed mode 

MUX=1 Multiplexed mode 

The device may be configured to operate in the Multiplexed mode (MUX) where the off-hook 
status and the ground-key status are multiplexed onto the same line. Note that there is only one 
Ground-Key Sampling Interval register and one MUX bit per |OM 2 DSLAC device (not per channel). 
Thus, the DST and the AM fields are not decoded and a command to either channel will write into 
the Ground-Key register and the MUX bit. 


Gk3-GkO Sampling Interval 
1 to 15 ms in 1 ms steps. 


If the Gk3—GK0O field is set to 0000 there is no debounce performed. If, additionally, the MUX bit is 
set to a 0 or if the Gk3—GK0 field is set to 0000, the C3,/E; output is controlled by writing a 0 or a 1 
into the output latch via the C/I downstream byte. 


Read Ground-Key Sampling Interval 
Command (2 Bytes) 


= 


SB LSB 


rome: [1 | o [oe ]orT ele]. | 


Output Data 


*CHF— Chopper Clock Frequency (this bit sets the chopper clock frequency when the IOM 2 DSLAC device is operating in multiplexed mode). 
CHF=0 256 kHz (default) 
CHF=1 273 kHz 
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Write SLIC Detect Inputs Debounce Time 


Command 


Input Data 


Bit Name 
Db3—Dbo 


(2 Bytes) 


MSB | LSB 
Lele) ei tea od 


ee eae ee eee 


Description 


Debounce Interval 
Sets the debounce time from 0 to 15 ms in steps of 1 ms. 


This command sets the debounce interval for the input signals at DET; and DET2. Note that there 
is only one Detect Input Debounce register per OM 2 DSLAC device (not per channel). Thus, the 
DST and the AM fields are unused and a command to either channel will write into the Debounce 
register. 


lf the Db3—Db0 field is set to 0000, there is no debounce performed. 


Read SLIC Upstream Inputs Debounce Time 


Command (2 Bytes) 
Output Data 


Write GX-Filter Coefficients 


Command 


Input Data 


2-136 


(2 Bytes) 


= 


SB LS 


ius] 


Format: 


-||- 
BE 
n” 
- 
> 
= 


Cao Mao C0 Mso Byte 1 


Cro Meo Cro Mio Byte 2 
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Read GX-Filter Coefficients 
Command (2 Bytes) 


MSB LSB 
Format: { 1 | o | o | ost] o | o [ 1 [| o | 
[20 f Oe Yc 0 9] 0s oe |) 207 Sh 0 


Cao Mao Cao Mao Byte 1 


Output Data 


Cro Mazo Cro Mio Byte 2 


Write GR-Filter Coefficients 
Command (2 Bytes) 


MSB LSB 
Fed 


Coo Mao Cao Mao Byte 1 


Input Data 


Cro Meo Cro Mio Byte 2 


Read GR-Filter Coefficients 
Command (2 Bytes) 


MSB LSB 
Forma; | 1 | 0 | o fost] o [ o | | io 
a a 


30 Byte 1 


Output Data 


9 
3 
Q 


3 


Mio Byte 2 


9 
3 
Q 
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Write Z-Filter Coefficients 


~ Command (2 Bytes) 


Format: 


Input Data 


LSB 


MSB . 
ae ed ee 
i Fa WE a De 





Read Z-Filter Coefficients 


Command (2 Bytes) 


Format: 


Output Data 


2-138 


MSB LSB 


eS atk  se ON 0e e 
a a DD 
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Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
Byte 13 
Byte 14 


Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
Byte 13 
Byte 14 
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Write B-Filter Coefficients 
Command (2 Bytes) 


MSB LSB 
1 1 


ie 


Input Data 
, Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
Byte 13 
Byte 14 





Read B-Filter Coefficients 


Command (2 Bytes) 
MSB LSB 


Format: =| 1 | 0 | o | ost] o | o | t+ | oo | 
a (a a a 


Output Data 

Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
Byte 13 
Byte 14 
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Write X-Filter Coefficients 
Command (2 Bytes) 


MSB 


LSB 
roma: [1] o [0 [os>my]s[1]o_ 
Tefe]e,?»[e*]+*]o]. 


Input Data 

Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 





Read X-Filter Coefficients 
Command (2 Bytes) 


MSB 
format: [+ [oo [© [Tort o]ols]o_ 
a TT 


LSB 
1 
1 


Output Data 

Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
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Write R-Filter Coefficients 
Command (2 Bytes) 


Lele, ole, eps pep. 


MSB LSB 
1 1 1 
4 


Input Data 
Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 





Read R-Filter Coefficients © 
Command (2 Bytes) 


MSB LSB 
Format; | 1 | o | o |ost | o | o | to | 
ae a ee 


Output Data 
Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 
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Write Echo Path Gain 
Command (2 Bytes) 


MSB 


LSB 
rom: «(1 [© | [or[ [+s] 
a A 


Input Data 





Read Echo Path Gain 
Command (2 Bytes) 


MSB LSB 


Formate.” | 2 0s feo sash | oe ee] a 
PE a a De Wa 


Output Data 





Write Error Level Threshold 
Command (2 Bytes) 


MSB LSB 
oe. Lon | oer larp t a fo 
ese es oo a ae 
Input Data 
* Cro Mio C20 Mio . 


Read Error Level Threshold 
Command (2 Bytes) 
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SLIC INTERFACE 


General Description 


Each channel of the DSLAC device has 1/0 pins for in- 
terfacing with a SLIC or other line circuit device. The I/O 
pins on port 1 are labeled C5,/INs, C4/INe, C3,/E;, C2:, 
and C1;. The I/O pins on port 2 are labeled C52/INz, 
C42/INs, C32/CHCLK, C22, and C12. One input-only pin 
for each channel (DETY/IN. for Channel 1 and DET./IN; 
for Channel 2) is also available. When used with an 
Am795XX series SLIC, C., C2, and C; can be used as 
outputs to set the Operating mode of the SLIC while Cs 
would typically be used to control a test relay driver on 
the SLIC. C3,/E; is used (in the Multiplexed mode) to 
control the function of the SLIC line monitor output, DET. 
Cs and C, of each channel can be programmed to be an 
input or an output via a Monitor channel command. 


Data can be sent to any of the I/O pins configured as out- 
puts via the six C/I bits of the downstream SC byte. All of 
the I/O pins configured as inputs may be read via a 
Monitor channel command. Additionally, three input 
signals from each channel are taken to form the six C/I 
bits of the upstream SC byte. 


Ground-Key/Switch-Hook Detector 
Multiplexing 


The DET input for each channel can be programmed to 
operate in the Multiplexed mode to interface with the 
Am795XX series SLIC devices. In this mode, the inter- 
pretation of the signal on the DET input is controlled by 
the C3,/E; output. When E, is Low, DET is interpreted as 
switch-hook detect. When E, is High, DET is interpreted 
as ground-key detect. Input debouncing may be se- 
lected for both the switch-hook and ground-key func- 
tions. Note that in the Multiplexed mode, the ground- key 
detect status and not the C5,/IN; and the C52/IN2 inputs 
are part of the upstream SC byte. 


Ground-Key Input Current State 


State 0 
State 1 
State 2 
State 3 
State 4 
State 5 
State 6 


ooo oo 00 0 


State 0 
State 1 
State 2 
State 3 
State 4 
State 5 
State 6 


er a ee ee ee eS 
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The state of E; can be controlled directly via a Monitor 
channel command or by the internal ground-key (Gk) 
timer which allows it to go High for approximately 16 ps 
every 1 to 15 ms. In this way, the DSLAC device can 
automatically de-multiplex the switch-hook and ground- 
key detector. Figure 10 shows the details of ground-key/ 
switch-hook multiplexer timing. 


Input Debouncing for Switch-Hook and 
Ground-Key Detect Inputs 


There are two input debounce circuits associated with 
each channel of the DSLAC device. The first is used to 
debounce the DET input. The circuitry requires the sig- 
nalon the DET input to be stable for two of the debounce 
intervals defined by the state of the Db timer (1 to 15 ms 
set by monitor command #23) in order for the upstream 
C/t byte to reflect the change. 


A second debounce circuit per channel is available 
which would typically be used for the ground-key input. 
The input to this debounce circuit can come from C5,/INs 
and C5.2/IN2 (in the non-Multiplexed mode), or the 
DET; and DET: inputs (in the Multiplexed mode). This 
circuit operates as a duty-cycle detector and consists of 
an up/down counter which can range between 0 and 6. 
The counter is clocked by the Gk timer which is set by 
monitor command #21 to a value between 1 to 15 ms. 
When the sampled value of the ground-key input is 
High, the counter is incremented. When the sampled 
value is a Low, the counter is decremented. If the 
counter increments to its maximum value of 6, it sets a 
latch whose output is the corresponding upstream C/I 
bit. If the counter decrements to its minimum value of 0, 
the latch is cleared. The following truth table shows the 
functioning of the ground key debounce circuit at every 
Gk clock. 





Next State Action On CA Bit Latch 
State 0 Force Low 
State 0 Force Low 
State 1 No change 
State 2 No change 
State 3 No change 
State 4 No change 
State 5 No change 
State 1 No change 
State 2 No change 
State 3 No change 
State 4 No change 
State 5 No change 
State 6 Force High 
State 6 Force High 
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Sample Interval 


1ms to 15 ms intervals 
(Programmable in 15 steps) | | 


C3V/E; 





| 
| 
| 
*Switch-Hook 1 f | f 
Sample |! 
| | | 
a 
Ground-Key | | 
Sample | | 
| | 
| | 
| | 
—! l-— 125 ps 
gee es 
C3/E: 
| | 
I | 
| | 
| | 
**Switch-Hook 1 | | | 
Sample r | 
| | | | 
| | | | 
| | | | 
| | | | 
Ground-Key 4 
| | round-Key l 
| | Sample | | 
| | | | 
| | | | 
| I | | 
| | Ts1 | Ts2 | 
| Th2 a 
CHCLK=256 kHz bke-—- 15.625 pis ae --—---—— 15.625 ps —____— sle——- 93.75 1s ——-pl 
*CHCLK = 273 kHz le-—- 14.65 ps ———-pq-—————— 14.65 ps --__-___ Mea Te aS 


*Programmed through CHF bit in Ground-Key Sampling Intemal Register. 
**Switch-hook samples occur at the beginning of selected time slot. 
12764A-013 


Figure 10. Switch-Hook/Ground-Key Multiplex Timing 
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The following table describes the various operating 
modes depending on the state of the MUX bit and the 


MUX Gk3-Gk0 Db3-Db0 
0 1-15 1-15 


SLAC/DSLAC Products 


AMD aN 


Ground Key (Gk) and the Debounce (Db) timers. A dia- 
gram of the SLIC I/O architecture is shown in Figure 11. 


Operating Mode 


. Non-Multiplexed mode. The DET; input is sampled every 
cycle and appears on C/I bit 4. The DET2 input is sampled every 
cycle and appears on C/I bit 1. Since the Db3—Db0 field is set to 
all Os, there is no input debouncing. The C5i/INs input is 
sampled every frame and appears on C/I bit 5. The C52/IN2 
input is sampled every frame and appears on C/I bit 2. Since 
the Gk3-Gk0 field is set to all Os, there is no input debouncing 
on C/I bit 5 or C/I bit 2. 





Same as 1, except the DET inputs must be stable for two of the 
” clock cycles defined by the state of the Db timer (1 to 15 ms) for 
the upstream C/I byte to reflect the change. The C5,/INs and 
the C52/iIN2 inputs are passed through the ground-key 
debounce circuit at a clock rate defined by the state of the Gk 
timer (1 to 15 ms). 


. Multiplexed mode. The C3,/E; output will pulse High for one 


frame at a rate set by the Gk timer (1 to 15 ms). Thus, the state 
of the ground-key detector will be sampled at the Gk rate and 
passed to the ground-key debounce circuit. The ground-key 
status bits, C/I bit 2 and C/I bit 5, will reflect the output of the 
debounce circuit. If the Db3—Db0 field is set to 0000, C/I bit 1 
and C/I bit 4 will be updated every frame except when the 
ground-key is being sampled. Otherwise, the switch-hook 
detect is sampled at the Db-clock rate and C/I bit 1 and C/I bit 4 
will be updated when the sampled value has been stable for 
2 Db-clock cycles. 


. Same as 3, except the C3,/E; pin is controlled by the down- 


stream C/I channel and not by the Gk timer. Thus, the 
multiplexer can be manually set to interpret the DET input as 
either switch-hook status or ground-key status. When the E, 
signal is Low (selecting switch-hook status), C/I bits 5 and 2 
(the ground-key detect bits) will not change states. Conversely, 
when the E; signal is High, C/I bits 4 and 1 will not change 


States. 
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SLIC I/O registers and the DET inputs can be 
non-destructively read at any time via Monitor 
Channel Command #13. 


#11,#12 VO Direction 




































C41/INe 
# 21, 22 Sreunen ey Ngk us —_—_ C5,/INs 
5 
Deb Ci 
Latches C3/E; 
Upstream C/I 
Ground Key 
a 
OHETIOOK DETyIN. 
5 0 
1 #11, # 12 I/O Direction 
| vo | C42/IN3 
a ee ee Ae 
ze io te 
[6 }5 [4 {3 }2 |i [MAI Mx OA, 
Downstream SC Byte eel | 
Latches , C32,CHCLK 
Channel Address Upstream C/I 
:C/I Bit 3, MUX 
Rae eeeee Ground Key 
‘C/I Bit 2! 
oe DET/IN: 
cates at, Nok do 
\C/I Bit 1 De | Debounce | 
eas MUX Mode 
Monitor Channel Command # 8 Ndb Only 
’ Data Byte #1 
fitotoltofolecle|c | 
REE, 
' CFGo 
Address Config 
Data Byte # 2 
_“R” field= Revision Level 
ee ee j 3 So 
; To Time Slot Control Si 
Design Level ROM S> 
Device 
Type 
12764A-014 
Figure 11. SLIC I/O Architecture 
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CONFIGURATION INPUTS 


A method of identifying the configuration of the line cir- 
cuit in which the DSLAC device is used is provided by 
strapping configuration inputs CFG. and CFG,/RST. 
There are six possible configuration states which can be 
set via these two inputs. This data is sent upstream over 
the Monitor channel using command #8. The CFG. and 
CFG,/RST inputs are decoded in the following table. A 
possible circuit for the CFGi/RST pin is shown in 
Figure 12. 





CFG: Configuration Number 
+5 V Hardware Reset 
GND -5V 000 

GND GND 001 

GND +5V 010 

-5V -5V 011 

-5V GND 100 

-5V +5V 101 





+5V 


SYSTEM RESET 






to CFG/RST 


GND or-5 V 


Figure 12. Circuit Schematic for the CFG,, RST Input 


From A-/-Law 


Output 
Compressor 


Register 


Time Slot Control 






Input 


ton Register 


Expander 
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TIME SLOT ASSIGNMENT INPUTS 


In the time slot control block (shown in Figure 13), the 
Frame Sync (FSC) pulse identifies the beginning of a 
Transmit frame and all [OM 2 time slots are referenced 
to it. The time slot number is read from the external time 
slot identification pins, S-—So. The table below shows the 
decoding on the time slot assignment inputs. 


[S [S| _Time Siot Number _| 
0 0 


Byte number 


The time slot number information is sent to the Transmit 
multiplexer where the code is shifted out during the 
appropriate time slot. From one to eight IOM 2 time slots 
per frame are allowed. The bit rate must be at least 256K 
times the number of {OM 2 time slots to be compatible 
with the number of time slots used. For example, since 
the DCL clock is twice the bit rate, DCL is at least 
512 kHz for one time slot and 4.096 MHz for the full eight 
time slots. 


The DSLAC device is capable of operation at a bit rate 
up to 4096 kb/s (DCL=8.192 MHz). If the clock fre- 
quency exceeds the minimum for the given number of 
time slots on the IOM 2 line, there will be some time slots 
or surplus bits at the end of each frame which are ig- 
nored. 


The receive side uses the same time slot contro! block 
information to de-multiplex the incoming 1OM 2 data 
stream and load each byte into the input register. The 
input register feeds these bytes into the A-/u-law ex- 
pander for further signal processing. 













Transmit 
MUX 


> DU 





DCL 


DD 


Figure 13. Time Slot Control and IOM 2 Interface 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........ —60°C <Tas+125°C 
Ambient Temperature, 

under Bias ................. —40°C < Ta < 85°C 
Ambient Relative Humidity 

(non-condensing) .................. 5 to 100% 
Vcca With respectto AGND ....... ~—0.4 V to +7.0 V 
Vcc with respect to DGND ........ -0.4 Vto +7.0V 
Vee: with respect to AGND ........ +0.4 V to-7.0V 
Vee2 with respecttoAGND........ +0.4 V to-7.0 V 
Vin with respect to 

Veca (Vee =—5 V) § aya! e Bece aera avers +0.4 V to -10.0 V 
Vin with respect to Ver 

(Veca =+5 V) g's) eidteie W whaletetanelerece -0.4 V to +10.0 V 
Any other pin with respect to DGND ... —0.4 V to Vec 


Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Function- 
ality at or above these limits is not implied. Exposure to 
Absolute Maximum Ratings for extended periods may 
affect device reliability. 
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OPERATING RANGES 


Analog Supply Veca....------ eee eee +5.0V+5% 
Digital Supply Vec ..............04-- +5.0V+5% 
Analog Supply Vee:, Veer ..... 2-22 eee -5.0V+5% 
DGND s54c2542506s0ewedewnuaueaeae ten OV 
BGNDs ¢.sd.0cre dpe n'ee Lge ete teats DGND +50 mV 
Ambient Temperature ........... 0°C s< Tas+70°C 
Ambient Relative Humidity ........... 15% to 85% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DISTINCTIVE CHARACTERISTICS 


a 


Vir Analog Input Voltage Range (AX=0 dB) +3.24 
(AX=6.02 dB) +1.62 


i Wa) | Top Leatage Curentonve «YY 


Vor Vour Voltage Range (AR=0 dB) +3.24 
(AR = 6.02 dB) +1.62 
Voos Vour Offset Voltage (AISN = rn ne ee 


LiNasn | Linearity of AISN Circuitry 0 dBm0) — ea 


PD Power Dissipation (Note 2) Both Channels Active 180 240 
(MCLK, PCLK=2.048 MHz) 1 Channel Active 120 160 
Both Channels Inactive (Note 3) 10 19 


190 270 
130 175 


PD Power Dissipation (Note 2) Both Channels Active 
(MCLK, PCLK > 2.048 MHz) 1 Channel Active 
Both Channels Inactive (Note 3) 


lee Total +5-V Current Both Channels Active 24.0 
(Note 2) 1 Channel Active 18.0 
Both Channels Inactive (Note 3) 2.5 





lee Total -5-V Current Both Channels Active 
(Note 2) 1 Channel Active 
Both Channels Inactive (Note 3) 


C Input Capacitance (Digital) 
Co Output Capacitance (Digital) 


Cou Output Load Capacitance (DU pin only) 150 





V 


Vv 
BA 


-LSB 


mW 
mw 
mW 


mw 
mW 
mW 


mA 
mA 
mA 


mA 
mA 
mA 


pF 
pF 
pF 


Notes: 1. When the DSLAC device is in the Power Down mode, the analog output will present a 0-V output level through a =3K resistor, 


2. Vout: and Vourz have no load. 


3. Power Dissipation in the inactive mode is measured with all digital inputs at Vin=Vcc and Vi=Vss and with no load connected to 


Vourt or Vourz. 
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SWITCHING CHARACTERISTICS 
Vec=5 V+5%, AGND=DGND<=0 V, Vee=—-5 V+5%. Cou=150 pF (Note 2) 


1OM 2 Interface 


Symbol wets Parameter | omin | otyp | Max | Units 
tmitn | oc | Pusowith ss Ts 
tw | rso_ | sewptime | mT 
wf esc | Hote tT ce | 
tr | Fsc_ | HighPusowieh Tito || 
toc | our | Detytromoctede | | | tts 
tor__| dU | Delaytomrscedse | || 
to foo | Hosewp | Ts 


MCLK, for 2.048 MHz +100 ppm or 4.096 MHz +100 ppm 


tucr, tuce | MCLK Rise/Fall Time 


MCLK Period, 2.048 MHz 488.23 488.28 488.33 
oc ee 4.096 MHz a 11 = 14 a 17 


tucn, tact | mcik | | High/Low Pulse Width = Pulse Width 





Notes: 1. The IOM 2 clock may be stopped in the High or Low state without loss of information. 
2. The drive capacity of the IOM 2 Interface allows eight DSLAC devices per linecard (16 subscriber lines) without using external 
buffers. 
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IOM 2 Switching Characteristics 


cs ee ee 





DCL 
1 | 
FSC 
| | 
DD, DU 
Ces es, gas ee eee I 
Detail A 


tr tr 


a { DCL 
2 i FSC 
the ii 


Detail A 
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DSLAC EXTENDED 
TEMPERATURE SUPPLEMENT 


The DSLAC device has been characterized over the 
—40°C to +85°C temperature range to establish its suit- 
ability for applications such as Remote Concentrators, 
Digital Loop Carriers, and other applications that may 
be subjected to temperature extremes. All versions 
of the DSLAC device are fully functional over this ex- 
tended temperature range and are recommended for 
such applications. 


Characterization indicates that certain parameters of a 
small percentage of DSLAC devices tested for opera- 
tion between 0°C and 70°C may vary beyond data sheet 


AMD at 


limits in the extended temperature ranges. This docu- 
ment identifies those parameters and their expected 
limits in the temperature ranges beyond 0°C to 70°C. 


The specifications in this supplement have been deter- 
mined through characterization to apply to AMD's stan- 
dard commercial grade product. If specifications over 
the -40°C to +85°C range or another extended tem- 
perature range must be guaranteed and tested at the 
temperature extremes, the customer is asked to contact 
an AMD representative for more information. 


DSLAC Family Extended Temperature Information 


DSLAC Electrical 
Specifications 


Absolute Gain (See Note) 
Receiver Gain Tracking (Noise) 
Receiver Gain Tracking (Noise) 
Receiver Gain Tracking (Noise) 
Transmitter Gain Tracking (Noise) 
Transmitter Gain Tracking (Noise) 
Receiver Signal/Distortion (Noise) 
Receiver Signal/Distortion (Noise) 


Commercial Extended 
Specification] Specification 
0°C to +70°C | —40°C to +85°C 





a SY 
a5 
8 
8 
: 
@ 
Fn 
[-seasmo SSS as 


Note: Absolute Gain stability is specified as +/- 0.2 dB at 25°C, but +/— 0.25 dB over the commercial temperature range 
(0°C to +70°C). This should be relaxed to +/— 0.35 dB over the extended temperature range (—40°C to +85°C). 


Publication #: 16870 Rev.A Amendment /0 
Issue Date: May 1992 
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INTRODUCTION TO ISDN PRODUCTS 


The Am79C30A DSC device combines an S/T-interface transceiver, a D-channel data link controller, and an audio 
codec/filter into a single low-power CMOS device. It is the most highly integrated ISDN terminal device currently avail- 
able that provides voice and data capability on a single chip. 


The Am798C30A is the world’s first ISDN terminal circuit that can be used to build ISDN telephones and terminals that 
conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller, and a power 
controller, are all that is needed for a basic CCITT power-compliant telephone or terminal. 


The Digital Subscriber Controller™ circuit interfaces directly to a telephone handset and drives the four-wire S/T Inter- 
face. The data-link controller supports the LAPD protocol defined forthe 16 kb/s D Channel, and allows full compliance 
to the CCITT’s recommendations for ISDN. 


The Am79C30A supports both the active and low-power restricted conditions specified by the CCITT, and will allow 
incoming and outgoing calls to be made (including ringing) with only 380 mW available for the complete system. 


FIFOs of 32 bytes for receive and 16 bytes for transmit further reduce the power requirements of the DSC circuit 
by allowing it to be used in conjunction with low-power, low-performance microprocessors. Clock frequencies auto- 
matically increase whenever the FIFO threshold is reached or when a new packet is received while a previous packet 
is still inthe FIFO. This allows the microprocessor to run with a very slow clock when no D-channel activity is present. 


Data may be transmitted on the D Channel (using LAPD) and/or either B Channel. Access tothe B Channelis provided 
via the microprocessor port or a serial port. The serial port will interface directly to the Data Protocol Controller to pro- 
vide packet handling for B-channel data. The circuit also supports the industry standard 1OM-2 interchip interface in its 
peripheral port for simplified design with other ISDN circuits. 


The Am79C30A is a highly programmable device; the audio processor has programmable filters allowing the designer 
to compensate for the characteristics of low-cost telephone handsets. A programmable second tone ringer provides 
increased volume levels and features such as incoming call alert while a voice conversation is in progress. Program- 
mable gain on the microphone amplifier is provided at the analog input adjustable in 6-dB increments from 0 dB to 
+24 dB, eliminating the need for an external amplifier with electret microphones. Mute capability is also available al- 
lowing the microphone path to be enabled and disabled. The DSC device allows the EAR and Loud Speaker (LS) 
outputs to be simultaneously enabled, allowing the use of an external speaker together with aconventional handset for 
loud hearing applications. A digital loopback mode is available internally connecting the EAR output to the analog 
input, extending the user test capabilities. 
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Digital Subscriber Controller™ (DSC™) Circuit Devices 
DISTINCTIVE CHARACTERISTICS 
a Combines CCITT 1.430 S/T-Interface Trans- B Certified protocol software support available 
ee eee nreoiemaioNs’ CMOS technology, TT compatible 
Interface in a single chip B® D-channel processing capability 
m Special operating modes allow realization —Flag generation/detection 
of CCITT 1.430 power-compliant terminal —CRC generation/checking 
eaulpient —Zero insertion/deletion 
m S-or T-Interface Transceiver —Four 2-byte address detectors 
—tLevel 1 Physical Layer Controller —32-byte receive and 16-byte transmit FIFOs 


—Supports point-to-point, short and extended 
passive bus configurations 


—Provides multiframe support 


BLOCK DIAGRAM 
SBP/IOM 2 Interface 
Ot I AT, 
SBIN SCLK BCL/CH2STRB* 
CAP1 CAP2 HSW 


SBOUTT SFS 





) AINA ® 
& | AREF Main Audio iat te LOUT!] 
© | AINB Processor (MAP) mai ort LouT2\ s 
£4 EARI< LIN1 = 
| EAR2 (Am79C30A : uin2 J5 
2 LS1 Only) 
LS2 
B-Channel Multiplexer 
(MUX) 
D-Channe! Data 
XTAL1 < zs Oscillator Link Controller 
XTAL2 (OSC) (DLC) 
MCLK 
a Sarasa hele lad RESET 
5 1 Seinen 
fe ee 
D7 Dé D5 D4 D3 D2 Di DO INT A2 Al AO 
: —_— 
* BCL/CH2STRB signal present . 
only for PLCC package. Microprocessor Interface Recndna es 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended 
to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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m Audio processing capability (DSC circuit only) 


—Dual audio inputs 

—Earpiece and loudspeaker drivers 
—Codecffilter with A/u selection 
—Programmable gain and equalization filters 
— Programmable sidetone level 


GENERAL DESCRIPTION 


The Am79C30A Digital Subscriber Controller (DSC) 
Circuit and Am79C32A ISDN Data Controller (IDC) Cir- 
cuit, shownin the Block Diagram, allow the realization of 
highly-integrated Terminal Equipment for the ISDN. The 
Am79C30A/32A is fully compatible with the CCITT- 
I-series recommendations for the S and T reference 
points, ensuring that the user of the device may design 
TEs which conform to the international standards. 


The Am79C30A/32A provides a 192-kb/s full duplex 
digital path over four wires between the TE located on 
the subscriber’s premises and the NT or PABX linecard. 
All physical Layer functions and procedures are imple- 
mented in accordance with CCITT Recommendation 
1.430, including framing, synchronization, maintenance, 
and multiple terminal contention. Both point-to-point 
and point-to-multipoint configurations are supported. 


The Am79C30A/32A processes the ISDN basic rate bit 
stream, which consists of B1 (64 kb/s), B2 (64 kb/s), and 
D (16 kb/s) Channels. The B Channels are routed to 
and from different sections of the Am79C30A/32A 
under software control. The D Channel is partially 


PRELIMINARY 
DISTINCTIVE CHARACTERISTICS (continued) 


—Programmable DTMF, single tone, progress 
tone, and ringer tone generation 


—Programmable on-chip microphone amplifier 


@ Pin and software compatible with the 
Am79C32A ISDN Data Controller (IDC™) 
Circuit. The Am79C32A is used in data-only 
applications 


processed by the DSC/IDC circuit and is passed to the 
microprocessor for further processing. 


The Main Audio Processor (MAP) uses Digital Signal 
Processing (DSP) to implement a high performance 
codec/filter function. The MAP interface supports a 
loudspeaker, an earpiece, and two separate audio in- 
puts. Programmable on-chip gain is provided to simplify 
use of low output level microphones. The user may alter 
frequency response and gain of the MAP receive and 
transmit paths. Tone generators are included to imple- 
ment ringing, call progress, and DTMF signals. 


A Peripheral Port (PP) is provided to allow the B Chan- 
nels to be routed off-chip for processing by other 
peripherals. This port is configurable as either an indus- 
try-standard IOM 2 port, or as a serial bus port (SBP). 


The TE design process is simplified by the availability of 
certified protocol software packages, which provide 
complete system solutions through OS] Layer 3. 
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CONNECTION DIAGRAMS 
Top View 


Note: Pin 1 is marked for orientation purposes. 
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40-Pin DIP 


Am79C30A 





Am79C30A 
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LS1 
AREF 
LIN1 
LIN2 
HSW 
LOUT1 
LOUT2 
Vss 
INT 
XTAL1 
XTAL2 
MCLK 
SFS 
SCLK 


SBIN 
DO 
D1 
D2 
D3 





LOUT1 
LOUT2 
AVss 
DVss 
INT 
XTAL1 
XTAL2 
MCLK 
SFS 
SCLK 
SBOUT 
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CONNECTION DIAGRAMS (continued) 
Top View 





40-Pin DIP 
le | LS 
2 LJ] RSRAVD 
3 Lt LIN 
4 J] LIN2 
5 Lt HSW 
6 LJ LOUT1 
7 |_| LOUT2 
8 = Vss 
9 INT 
Am79C32A | XTALI 
1} =XTAL2 
| MCLK 
|__| SFS 
J SCLK 
[J] SBOUT 
SBIN 
+ Do 
I D1 
J D2 
! D3 
44-Pin PLCC 
qoaqaqaqgQaa 
Tee ek ey _ Wsae 
eee ee hae ss 
ER REERERERE RR 
outronr ey ONES 
RSRVD 
RSRVD 
AVoc 
DVcc 
ESE! Am79C32A 
CS 
RD 
WR 
DVsg 
A2 


BCL/CH2STRB CJ 23 


Notes: 1. Pin 1 is marked for orientation purposes. 
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2. RSRVD = Reserved pin, should not be connected externally to any signal or supply. 
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ORDERING INFORMATION 


Standard Products 


AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


Am79C30A/32A P Cc 


L OPTIONAL PROCESSING 


Blank = Standard Processing 


TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 


PACKAGE TYPE 


= 44-pin Plastic Leaded Chip Carrier (PL 044) 
P= 40-pin Plastic DIP (PD 040) 


SPEED OPTION 
Not Applicable 


DEVICE NAME/DESCRIPTION 


Am79C30A/32A 
Digital Subscriber Controller (DSC) device 
ISDN Data Controller (IDC) device 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific 
valid combinations, to check on newly released 
combinations, and to obtain additional data on the 
AMD standard military grade products. 










Valid Combinations 


AM79C30A PC, JC 
AM79C32A PC, JC 
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PIN DESCRIPTION* 
Line Interface Unit (LIU) 


HSW 
Hook-Switch (Input) 


The HSW signal indicates if the hook-switch is on or off 
hook. This signal may be generated with a mechanical 
switch wired to ground with a pull-up resistor to Vcc. Any 
change in the HSW state causes an interrupt. 


LIN1, LIN2 
Subscriber Line Input (Differential Inputs) 


The LIN1 and LIN2 inputs interface to the subscriber 
(S reference point) via an isolation transformer. LIN2 
is the positive input; LIN1 is the negative input. These 
pins are not TTL compatible. 


LOUT1, LOUT2 
Subscriber Line Output (Differential Outputs) 


The LOUT1 and LOUT2 line driver output signals inter- 
face to the subscriber line at the S reference point via 
an isolation transformer and resistors. LOUT2 is the 
positive S-interface driver (sources current during 
a High mark), and LOUT1 is the negative S-interface 
driver (sources current during Low mark). For multi- 
point applications, all TEs must maintain the same 
polarity on the S Interface. These pins are not TTL 
compatible. 


Main Audio Processor (MAP) 


All MAP pins are analog, and therefore are not TTL 
compatible. 


AINA, AINB 
Analog (Inputs) 


These analog inputs allow for two separate analog 
(audio) inputs to the transmit path of the codec/filter. 
Input signals on either of these pins must be referenced 
to AREF. 


AREF 
Analog Reference (Output) 


This is a nominal 2.4-V reference voltage output for 
biasing the analog inputs. When the MAP is disabled, 
this pin is high-impedance. 


CAP1, CAP2 
Capacitor/Resistor (CAP1, Input; CAP2, Output) 


An external resistor and capacitor are connected in 
series between these pins. These components are 
needed for the integrator in the Analog-to-Digital 
Converter (ADC). 


* All signal levels are TTL compatible unless otherwise stated. 
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EAR1, EAR2 
Earpiece Interface (Differential Outputs) 


EAR1 and EAR2are the outputs from the receive path 
of the codec/filter. These differential outputs can directly 
drive a minimum load of 540 ohms. 


LS1, LS2 
Loudspeaker Interface (Differential Outputs) 


LS1 and LS2 are push-pull outputs which can directly 
drive a minimum load of 40 ohms. 


Microprocessor Interface (MPI) 


A2-A0 
Address Line (Inputs) 


A2, A1, and AO signals select source and destination 
registers for read and write operations on the data bus. 


cs 
Chip Select (Input) 
CS must be Low to read or write to the Am79C30A/32A. 


Data transfer occurs over the bidirectional data lines 
(D7—-D0). 


D7-DoO 
Data Bus (Bidirectional with High Impedance State) 


The eight bidirectional data bus lines are used to 
exchange information with the microprocessor. DO is 
the least significant bit (LSB) and D7 is the most signifi- 
cant bit (MSB). A High on the data bus line corresponds 
to a logic 1, and Low corresponds to a logic 0. These 
lines act as inputs when both WR and CSare active and 
as outputs when both RD and CSare active. WhenCSis 
inactive or both RD and WRare inactive, the D7-D0 pins 
are in a high-impedance state. 


INT 
Interrupt (Output) 


Anactive Low output on the INT pin informs the external 
microprocessor that the Am79C30A/32A needs inter- 
rupt service. INT is updated once every 125 ps. The INT 
pin remains active until the Interrupt Register (IR) is 
read or the Am79C30A/32A is reset. 


RESET 
Reset (Input) 


Reset is an active High signal which causes the 
Am79C30A/32A to immediately terminate its present 
activity and initialize to the reset condition. When reset 
returns Low, the Am79C30A/32A enters the Idle Mode. 
The MCLK output remains active while RESET is held 
High. 
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RD 

Read (Input) 

The active Low read signal is conditioned by CS and 
indicates that internal information is to be transferred 
onto the data bus. A number of internal registers are 
user accessible. The contents of the accessed register 
are transferred onto the data bus after the High to Low 
transition of the RD input. 


WR 

Write (Input) 

The active Low write signal is conditioned by CS and 
indicates that external information on the data bus is to 
be transferred to an internal register. The contents of the 


data bus are loaded on the Low to High transition of 
the WR input. , 


Oscillator (OSC) 


MCLK 
Master Clock (Output) 


The MCLK output is available for use as the system 
clock for the microprocessor. MCLK is derived from the 
12.288-MHz crystal via a programmable divider in the 
Am79C30A/32A which provides the following MCLK 
output frequencies: 12.288, 6.144, 4.096, 3.072, 1.536, 
0.768, and 0.384 MHz. 


XTAL1, XTAL2 
External Crystal (Output, Input) 


XTAL1 and XTAL2 are connected to an external parallel 
resonant crystal for the on-chip oscillator. XTAL2 can 
also be connected to an external source instead of a 
crystal, in which case XTAL1 should be left discon- 
nected. The frequency must be 12.288 MHz, + 80 ppm. 


Peripheral Port (PP) 


SBIN 
Serial Data (Input/Output) 


When the Peripheral Port is programmed to SBP Mode, 
SBIN operates as an input for serial data. When the 
Peripheral Port is programmed to IOM 2 Mode, SBIN 
functions as the data input except in the special case of 
IOM 2 Slave Mode, when it becomes an open-drain 
output during sub-frame 0 or when deactivated. 


SBOUT 
Serial Data (Input/Output) 


When the Peripheral Port is programmed to SBP Mode, 
SBOUT operates as an output for serial data. When the 
Peripheral Port is programmed to IOM 2 Mode, SBOUT 
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functions as the data output except in the special case 
of IOM 2 Slave Mode when it becomes an input during 
sub-frame 0. 


SCLK 
Serial Data Clock (Input/Output) 


When the PP is programmed to SBP Mode, SCLK out- 
puts a 192-kHz data clock, which may be inverted under 
software control. When the PP is programmed to |OM 2 
Master Mode, SCLK outputs a 1.536-MHz 2X data 
clock. In IOM 2 Slave Mode, SCLK functions as the 
clock input. The SCLK pin defaults to a high-impedance 
state upon reset, but becomes active after any MUX 
connection is made or if the PP is programmed to IOM 2 
Master Mode. 


SFS 
Serial Frame Sync (Input/Output) 


In SBP Mode, SFS outputs an 8-kKHz frame synchroni- 
zation signal. SFS is an output in IOM 2 Master Mode, 
and an input in IOM 2 Slave Mode. As an output, SFS is 
active for 8-bit periods. The SFS pin defaults to a high- 
impedance state upon reset, but becomes active after 
any MUX connection is made or ifthe PP is programmed 
to |OM 2 Master Mode. For SBP Mode, the active signal 
state is Low during Idle and 8 kHz in Active Data Only 
and Active Voice and Data Modes. 


BCL/CH2STRB 
Bit Clock/SBP Channel 2 Strobe 
(Output, Three-state) (present only in PLCC package) 


In SBP Mode, this pin provides a strobe during the 8-bit 
times of the second 64-kb/s data channel. In 1OM 2 


_ Master Mode, this pin provides a 768-kHz bit clock to 


aid in the connection of non-IOM 2 devices to the port. 
In IOM 2 Slave Mode, this pin is high-impedance. 


Power Supply Pins 


PLCC Packages 
AVcc +5-V analog power supply, +5% (PLCC only) 


AVss_ Analog ground (PLCC only) 
DVss _ Digital ground (PLCC only) 
DVcc  +5-V digital power supply, +5% (PLCC only) 


DIP Packages 
Vee +5-V power supply, +5% (DIP only) 


Vss Ground (DIP only) 


Note: For best performance, decoupling capacitors should be 
installed between Vcc and Vss as close to the chip as possible. 
Do not use separate supplies for analog and digital power and 
ground connections. 
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OPERATIONAL DESCRIPTION 
Overview of Power Modes 


The minimization of power consumption is a key factor 
in the design of Terminal Equipment for the ISDN, and 
the DSC/IDC circuit employs two basic approaches to 
power management: 


1. The power consumption of the DSC/IDC circuit itself 
is managed by using four basic power modes which 
allow unused functional blocks to be disabled. The 
INIT register may be programmed to select Active 
Voice and Data, Active Data Only, Idle, or Power- 
Down Mode, depending upon which DSC/IDC 
device resources are required at the time. 


2. The power consumption of the controlling micro- 
processor system may be controlled by driving the 
processor clock with the DSC/IDC circuit MCLK out- 
put. A wide range of MCLK operating frequencies 
may be selected, and a special Clock Speed-up 
function is provided which increases the speed of 
MCLK upon the occurrence of a key event, without 
processor intervention. Contro] of MCLK frequency 
and Clock Speed-up is accomplished by program- 
mingthe INIT and INIT2 registers, as described later. 


Active Voice and Data Mode 


In Active Voice and Data Mode all functional blocks of 
the DSC/IDC circuit are available. Device registers may 
be accessed through the MPI, the LIU and DLC are 
available, the OSC is running, the Peripheral Port is 
available, MUX connections may be made, the Secon- 
dary Tone Ringer may be activated, and the MAP is 
operational (DSC circuit only). 


Active Data Only Mode 


Active Data Only Mode is similar to Active Voice and 
Data Mode, except that the MAP (DSC circuit only) is 
disabled to reduce system power consumption. This in- 
creases the amount of power available for the Secon- 
dary Tone Ringer or microprocessor system during the 
phases of call setup and teardown, or during a data-only 
telephone call. 


Idle Mode 


Idle Mode is the RESET default mode of DSC/IDC 
circuit operation, and represents an operational state in 
which power consumption is reduced, yet the micro- 
processor system is operational to program DSC/IDC 
circuit registers or perform other required background 
tasks. Idle Mode may also be entered by appropriate 
programming of the INIT register. 


In Idle Mode, the MCLK output is available to drive the 
microprocessor system, the MPI is available for pro- 
gramming of DSC/IDC registers, and the LIU is avail- 
able to initiate or respond to S/T interface activity. The 
HSW hockswitch interrupt is also available in Idle Mode. 
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Idle Mode reduces DSC/IDC circuit power consumption 
by disabling the MUX, DLC, and MAP functional blocks. 
The Peripheral Port is also disabled, except that an 
IOM 2 activation request interrupt is possible, and the 
SFS and SCLK outputs may still be activated. The SFS 
and SCLK outputs are high-impedance upon RESET, 
but become active after any MUX connection is pro- 
grammed. The DLC read-only registers are cleared 
when the DSC/IDC circuit enters the Idle Mode. 


Power-Down Mode 


Power-Down Mode consumes the least power of all the 
DSC/IDC power options, and differs from Idle Mode 
in that all clocks, including the XTAL oscillator, are 
stopped. Most functional blocks are disabled, except 
for those required to recognize key extemal events that 
will force the DSC/IDC circuit to return to Idle Mode. 


The Power-Down Mode is not available unless the 
Power-Down Enable bit is set in the INIT2 register; see 
the INIT2 register description for further details. 


Entering the Power-Down Mode 


The Power-Down Mode is entered by appropriate pro- 
gramming of the INIT and INIT2 registers. Selection of 
the Power-Down Mode causes the DSC/IDC 
circuit to begin an internal countdown of at least 250 
MCLK cycles after which the MCLK and XTAL1 outputs 
are both stopped and held High, and the XTAL2 
input will be disregarded. The purpose of this count- 
down cycle is to allow the microprocessor time for 
housekeeping operations before its clock is stopped. If 
an interrupt causes the DSC INT pin to go Low during 
the countdown, the Power-Down Mode bits in the INIT 
register will be reset and the countdown will be 
canceled. 


If the LIU is enabled and in any state other than F3 at the 
end of the countdown, MCLK is stopped but the oscilla- 
tor continues to run. This allows the LIU to identify the 
incoming signal and either (1) generate an interrupt and 
force the DSC/IDC circuit to Idle Mode when activation 
is complete, or (2) move to the F3 state and stop the 
oscillator once the line goes idle. 


Exiting the Power-Down Mode 


The DSC/IDC circuit will exit the Power-Down Mode and 
enter the Idle Mode if any of the following events occur: 


@ The DSC/IDC circuit receives a hardware reset via 
the RESET pin. 


8 The CSand WRpins are both pulled Low at the same 
time, as would occur during a normal write operation 
from the microprocessor to the DSC circuit. No data 
will be transferred by this operation. 


gs The HSW hookswitch pin changes state, and the 
hookswitch interrupt is enabled. 
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® The LIU receiver is enabled, detects an incoming sig- 
nal on the S/T Interface, and achieves activation as 
indicated by a transition to state F7. Both the INT pin 
and the F7 transition interrupt must be enabled for 
Power-Down Mode to be exited. If the LIU is enabled, 
it may restart the oscillator so that it can identify the 
activity on the interface. If the activity is determined to 
be noise, the LIU will stop the oscillator and continue 
to monitor the line without an interrupt or returning 
to Idle Mode. 


B The IOM 2 Interface is enabled as a clock master 
and the SBIN input pin goes Low. This indicates that 
a slave device wants to activate the IOM 2 Interface 
and communicate with the DSC circuit. Both the INT 
pin and the IOM 2 timing request interrupts must be 
enabled for Power-Down Mode to be exited. 


= The IOM 2 Interface is enabled as a clock slave and 
the SCLK input pin goes High. This indicates that 
the master device is activating the IOM 2 Interface 
and the DSC circuit must wake up in order to monitor 
the data. Both the INT pin and the IOM 2 timing re- 
quest interrupts must be enabled for Power-Down 
Mode to be exited. 


If the DSC/IDC circuit is awakened by any condition 
other than RESET, the MCLK output will be restored to 
its previously programmed frequency, and will not gen- 
erate any shortened or spurious output cycles. If the 
DSC/IDC circuit is revived by RESET, MCLK will default 
to its normal 6.144-MHz rate. The DSC/IDC circuit pro- 





vides a minimum of two MCLK cycles prior to activating Bit ; 
the interrupt pin when exiting Power-Down Mode. Rea ete puneien 
MCLK Frequency Control XXXXXX00 Idle Mode 
. ra : XXXXXX01 Active Voice and Data Mode 
The MCLK frequency selection bits in the INIT register XXXXXX10 Active Data Only Mode 
are unchanged from Revision D. However, additional XXXXXX11 Power-Down Mode 
MCLK frequencies are available by programming bits in XXXXXOXX INT output enabled 
the INIT2 register. No shortened or spurious clock Ta 
pulses that might disrupt the external microprocessor Re ANS QUI Gisabied 
will result when the MCLK frequency is changed. XXOOOXXX MCLK frequency = 6.144 MHz 
XX001XXX MCLK frequency = 12.288 MHz 
In order to reduce the probability of errant software dis- XX010XXX MCLK frequency = 3.072 MHz 
rupting system operation, the INIT2 register requires XX011XXX MCLK frequency = 6.144 MHz 
two consecutive writes before the value will be entered XX100XXX MCLK frequency = 4.096 MHz 
into the register. Note that there will be no MCLK count- XX101XXX MCLK frequency = 6.144 MHz 
down as is the case for entering Power-Down Mode if XX110XXX MCLK frequency = 6.144 MHz 
INIT2 is programmed to cause MCLK to STOP, and XX111XXX MCLK frequency = 6.144 MHz 
there will be no shortened or spurious MCLK pulses. XoXXXXXX DLC receiver abort disabled 
. X1XXXXXKX DLC receiver abort enabled 
MCLK Clock Speed-up Function OXXXXXXX DLC transmitter abort disabled 
A programmable automatic MCLK speed-up option is 1XXXXXXX DLC transmitter abort enabled 
provided that will force a hardware reset of INIT2 Bits 
3-0, which will cause the MCLK frequency to be re- 
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stored to the value programmed in the INIT register. 
There are two events that will trigger the clock speed-up 
function: 


1. The DLC receive FIFO threshold has been reached; 
or, 


2. asecond packet begins to be received while data 
from a prior packet is still in the receive FIFO. 


The second packet case requires provision of an inter- 
rupt; see the DLC register section for further informa- 
tion. The clock speed-up function allows the user to 
program avery slow MCLK frequency using INIT2 when 
D-channel activity is minimal. If a burst of activity is seen 
on the D Channel which exceeds the programmed 
threshold of the receive FIFO or threatens to overrun the 
receive FIFO status buffers, MCLK will instantly toggle 
back to the higher frequency programmed in the INIT 
register. This eliminates the latency incurred if an inter- 
rupt has to be serviced to change the clock speed, and 
allows the overall system power to be reduced during 
typical voice connections. Note that automatic clock 
speed-up will not function unless at least one of the 
associated interrupts are enabled so the processor can 
be informed that the clock speed has been altered. 


Global Register Functions 


INIT Register (INIT) default = 00H; Address = Indirect 
21 Hex, Read/Write 
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INIT2 Register (INIT2) default = 00H; 
Address = Indirect 20 Hex, Read/Write 


A special write procedure must be followed in order to 
modify the contents of the INIT2 Register, since the 
INIT2 register includes control bits which could result in 
the stopping of the microprocessor clock. This proce- 
dure greatly reduces the probability of errant software 
disabling the system, and is described as follows: 


1. Write the INIT2 address to the Command Register. 
2. Write to the Data Register (INIT2 is not yet updated). 
3. Write the INIT2 address to the Command Register. 
4. Write to the Data Register (INIT2 is updated). 

The writes must take place without any intervening indi- 


rect accesses to the DSC/IDC circuit. 


Bit 


76543210 Function 


OOXXXXXX _ Reserved, must be written to 0 
READ’s are undefined 


000XXXXX _ Power-Down disabled; writing 11 
to the INIT register will put the DSC/IDC 
circuit into Idle Mode 
001XXXXX_ Power-Down enabled; writing 11 
to the INIT register will put the DSC/IDC 
circuit into Power-Down Mode 
OOXOXXXX Multiframe Interrupt Filter disabled 
00X1XXXX_ Multiframe Interrupt Filter enabled (see 
LIU section for detailed description) 
00XXOXXX _ Clock speed-up option disabled 
00XX1XXX_ Clock speed-up option enabled; if set, this 
register bit will be cleared when the DLC 
FIFO receive threshold or second packet 
received interrupt is triggered 
OOXXX000 MCLK frequency determined by INIT 
register 
0OXXX001 MCLK frequency is 1.536 MHz 
00XXX010 MCLK frequency is 768 kHz 
0O0XXX011 MCLK frequency is 384 kHz 
00XXX100 MCLK stopped in High state 
0O0XXX101_ Reserved 
0O0OXXX110 Reserved 
0OXXX111 Reserved 
RESET Operation 


The Am79C30A/32A can be reset by driving the RESET 
pin High. When power is first supplied to the DSC/IDC 
circuit, a reset must be performed. This initializes the 
DSC/IDC circuit to its default condition as defined in the 
following table. 
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Pin Name State following RESET 
D7—Do ’ High Impedance 
MCLK 6.144 MHz 

INT Logical 1 
SBOUT High Impedance 
SFS High Impedance 
SCLK High Impedance 
LS1, LS2 High Impedance 
EAR1 High Impedance 
EAR2 High Impedance 
AREF High Impedance 
LOUT1 High Impedance 
LOUT2 High Impedance 


Receive and Transmit Abort Commands 


The microprocessor has the option via INIT register bits 
6 and 7 to abort the receive and transmit D-channel 
packets. When the microprocessor sets one of these 
bits, the Am79C30A/32A aborts the respective opera- 
tion. The frame abort sequence is defined in greater 
detail later. (See Data Link Controller section.) 


Interrupt Handling 


The Am79C30A/32A generates either no interrupt or 
only one interrupt every 125 us. Once asserted, INT 
remains active until the microprocessor responds by 
interrogating the Am79C30A/32A’s Interrupt Register 
(IR) (see Table 1). Reading the IR in response to an acti- 
vated INT pin deactivates the INT pin, and clears the IR. 


If an event causing an interrupt occurs while the IR is 
being read by the microprocessor, the effect of the 
event is held until the microprocessor has completed 
its read cycle. A reset clears all conditions causing 
interrupts. 


Bits 0,1, and 4 of the IR, if set, advise the microproces- 
sor that the respective buffer is ready for reading or 
writing. If Bit 0 is set due to an empty buffer, the 
D-Channel Transmit Buffer must be serviced within 
375 us. If Bit is set and the D-Channel Receive Buffer 
is full, the buffer must be serviced within 425 ps. This is 
to prevent erroneous data transfers causing transmitter 
underrun and receiver overrun errors. If Bit 4 is set then 
the Bb or Bc buffers must be accessed within 122.4 ps. 


_ This is to prevent erroneous data transfers. Only one 


interrupt is used to signal accessibility for both B Chan- 
nels of the S Interface. Since the data transfer must 
occur synchronously to the S Interface, any data access 
to either Bb or Bc or both must be made within the 
122.4 us limit. 


Note that even though only a single interrupt is issued, 
either or both S-interface B Channels must be serviced. — 
IR bits 2, 3, 5, 6, and 7, if set, indicate that a bit has 
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been set in the associated status or error register. All of 
the interrupts generated by the Am79C30A/32A can be 
individually disabled. In the case of IR Bit 7, the interrupt 
can also be masked by setting PPIER Bit 7 to 0. 


DMR1, DMR2, DMR3, LMR2, MCR4, and MF control 
the mask conditions which affect the INT pin. The INT 
pin is activated only by interrupts which are not disabled. 
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The Interrupt Register reflects the status of enabled in- 
terrupts. The INT pin can be disabled by setting INIT reg- 
ister bit 2 to a logical 1. 


The Am79C30A/32A has facilities that allow the micro- 
processor to read the status registers (status update is 
inhibited during status read) or the IR at any time during 
functional operation. 


Table 1. Format of the Interrupt Register (IR), Read Only 











Bit Interrupt Generated/Action Required Interrupt Mask 
0 D-channel transmit threshold interrupt/load D-Channel Transmit Buffer DMR1 bit 0 
1 D-channel receive threshold interrupt/read D-Channel Receive Buffer DMR1 bit 1 
2 D-channel status interrupt/read DSR1 
Source Cause 
DSR1 bit 0 Valid Address (VA) or End of Address (EOA) DMR3 bit 0 
DSR1 bit 1 When a closing flag is received or a receive error occurs DMA1 bit 3 
DSA1 bit 6 When a closing flag is transmitted DMR3 bit 1 
3 D-channel error interrupt/read DER and DSR2 bit 2 
Source Cause 
DER bit 0 Current received packet has been aborted DMR2 bit 0 
DER bit 1 Non-integer number of bytes received DMR2 bit 1 
DER bit 2 Collision abort detected DMR2 bit 2 
DER bit 3 FCS error DMR2 bit 3 
DER bit 4 Overflow error DMR2 bit 4 
DER bit 5 Underflow error DMR2 bit 5 
DER bit 6 Overrun error DMR2 bit 6 
DER bit 7 Underrun error DMR2 bit 7 
DSR2 bit 2 Receive packet lost DMR3 bit 6 
Bb or Bc byte available or buffer empty interrupt/read or write Bb or Bc buffers MCR4 bit 3 
LIU status interrupt/read LSR 
Source Cause 
LSR bit 3 Change of state to F3 LMR2 bit 3 
LSR bit 4 Change of state from/to F7 LMR2 bit 6 
LSR bit 5 Change of state from/to F8 LMR2 bit 4 
LSR bit 7 HSW change of state LMR2 bit 5 
6 D-channel status interrupt/read DSR2 
Source Cause 
DSR2 bit 0 Last byte of received packet DMR3 bit 2 
DSR2 bit 1 Receive byte available DMR3 bit 3 
DSR2 bit 3 Last byte transmitted DMR3 bit 4 
DSR2 bit 4 Transmit buffer available DMR3 bit 5 
DSR2 bit 7 Start of second packet EFCR bit 1 
7 Multiframe or PP interrupt/read MFSB and PPSR 
Source Cause 
MFSB bit 5 S-data available MF bit 1 
MFSB bit 6 Q-bit buffer empty MF bit 2 
MFSB bit 7 Multiframe change of state (in/out of sync) MF bit 3 
PPSR bit 0 Monitor receive, data available PPIER bit 0 
PPSR bit 1 Monitor transmit, buffer available PPIER bit 1 
PPSR bit 2 Monitor EOM received PPIER bit 2 
PPSR bit 3 Monitor abort received PPIER bit 3 
PPSR bit 4 C/I channel 0, data change PPIER bit 4 
PPSR bit 5 C/I channel 1, data change PPIER bit 5 
PPSR bit 6 1OM 2 timing request PPIER bit 6 
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FUNCTIONAL DESCRIPTION 
Microprocessor Interface (MPI) 


The Am79C30A/32A can be connected to any general 
purpose 8-bit microprocessor via the MPI. The MCLK 
from the Am79C30A/32A can be used as the clock for 
the microprocessor. The MPI is an interrupt driven inter- 
face containing all the circuitry necessary for access to 
the internal programmable registers, status registers, 
coefficient RAM, and transmit/receive buffers. 


MPI External Interface 
The MPI has the following external connections: 
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INARY 


Direct Registers 


Access to the Direct Registers of the Am79C30A/32A is 


controlled by the state of the CS, RD, WR, A2, A1, and 
AO input pins, as defined below by Table 2. 


Indirect Registers 


To read from or write to any of the Indirect Registers, an 
indirect address command is first written to the Com- 
mand Register (CR). One or more data bytes may then 
be transferred to or from the selected register through 
the Data Register (DR). 


Registers within certain groups can be quickly accessed 


Name Direction Function by using internal circuitry which automatically incre- 
D7—Do Bidirectional Data Bus ments the indirect value. In Table 3, the “bytes trans- 
A2-A0 Inputs Address Line ferred numbers’ are the number of bytes which are read 
RD Input Read Enable or written to the DR after the CR has been loaded. 
ne hae idlaad ag Whenever the CR is loaded, any previous commands 
npu ip Selec : : 
RESET Input intielization are automatically terminated. 
INT Output Interrupt 
Table 2. Direct Register Access Guide 

cS RD WR A2 Al AO Register(s) Accessed Mode 
0 1 0 0 0 0 Command Register (CR) WwW 

0 0 1 0 0 0 Interrupt Register (IR) R 

0 1 0 0 0 1 Data Register (DR) W 

0 0 1 0 0 1 Data Register (DR) R 

0 0 1 0 1 0 D-Channel Status Register 1 (DSR1) R 

0 0 1 0 1 1 D-Channel Error Register (DER) (2-byte FIFO) R 

0 1 0 1 0 0 D-Channel Transmit Buffer (DCTB) (8- or 16-byte FIFO) W 

0 0 1 1 0 0 D-Channel Receive Buffer (DCRB) (8- or 32-byte FIFO) R 

0 1 0 1 0 1 Bb-Channel Transmit Buffer (BBTB) WwW 

0 0 1 1 0 1 Bb-Channel Receive Buffer (BBRB) R 

0 1 0 1 1. 0 Bc-Channel Transmit Buffer (BCTB) Ww 

0 0 1 1 1 0 Bc-Channel Receive Buffer (BCRB) R 

0 0 1 1 1 1 D-Channel Status Register 2 (DSR2) R 

1 X X X Xx X No access (X = logical 0 or 1) _— 


Note: The RD and WR signals must never both be Low under normal operating conditions. 
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LIU 
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LIU 


MUX 
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MAP 
MAP 


MAP 
MAP 
MAP 
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MAP 
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MAP 
MAP 
MAP 


MAP 
MAP 


MAP 


DLC 
DLC 


DLC 
DLC 


DLC 


DLC 
DLC 
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Table 3. Indirect Register Access Guide 


Register 


LIU Status Register 

LIU Priority Register 

LIU Mode Register 1 

LIU Mode Register 2 

Multiframe Register 

Multiframe S-Bit/Status Register 
Multiframe Q-Bit Buffer 


X Filter Coefficient Register 
R Filter Coefficient Register 


GX Gain Coefficient Register 
GR Gain Coefficient Register 
GER Gain Coefficient Register 


Sidetone Gain Coefficient 
Register 

Frequency Tone Generator 
Register 1,2 

Amplitude Tone Generator 
Register 1, 2 

MAP Mode Register 1 

MAP Mode Register 2 


MAP Mode Register 3 
Secondary Tone Ringer 
Amplitude 


Secondary Tone Ringer 
Frequency 


First Received Byte Address 
Registers 1, 2,3 

Second Received Byte Address 
Registers 1, 2,3 

Transmit Address Register 

D-Channel Receive Byte Limit 
Register 

D-Channel Transmit Byte Count 
Register 

D-Channel Mode Register 1 

D-Channel Mode Register 2 


Register 
Number 


1 


ON Oar woND — 


ar WD — 


10 
11 


12 
13 


14 


Indirect 
Name 


INIT 
INIT2 


LSR 

LPR 

LMR1 

LMR2 
Perform 2-4 
MF 

MFSB 
MFQB 


MCR1 
MCR2 
MCR3 
MCR4 
Perform 1-4 


X Coeff. 
R Coeff. 


GX Coeff. 
GR Coeff. 
GER Coeff. 
STG Coeff. 


FTGR1,FTGR2 
ATGR1,ATGR2 


MMR1 
MMR2 
Perform 1-10 


MMR3 
STRA 


STRF 


FRAR1, 2, 3 
SRAR1, 2,3 


TAR 
DRLR 


DTCR 


DMR1 
DMR2 
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Mode 


Address 


21H 
20H 


A1H 
A2H 
A3H 
A4H 
A5H 
A6H 
A7H 
A8H 


41H 
42H 
43H 
44H 
45H 


61H 
62H 


63H 
64H 
65H 
66H 


67H 
68H 


69H 
6AH 
6BH 


6CH 
6DH 


6EH 


81H 
82H 


83H 
84H 


85H 


86H 
87H 
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Byte Sequence 


One byte transferred 
One byte transferred 


One byte transferred 
One byte transferred 
One byte transferred 
One byte transferred 
LPR, LMA1, LMR2 

One byte transferred 
One byte transferred 
One byte transferred 


One byte transferred 
One byte transferred 
One byte transferred 
One byte transferred 
MCR1, 2, 3, 4 


ho LSB, ho 
MSB...h7 MSB 


ho LSB, ho 
MSB...h7 MSB 


LSB, MSB 
LSB, MSB 
LSB, MSB 
LSB, MSB 


FTGR1, 2 
ATGR1, 2 


One byte transferred 

One byte transferred 

46 bytes loaded 
1-10 

One byte transferred 

One byte transferred 


One byte transferred 


FRAR1, 2, 3 
SRAR1, 2, 3 


LSB, MSB 
LSB, MSB 


LSB, MSB 


One byte transferred 
One byte transferred 
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Table 3. Indirect Register Access Guide (continued) 


Operation Register 

Block Register Number 

DLC — 8 

DLC D-Channel Receive Byte Count 9 
Register 

DLC Random Number Generator 10 
Register 

DLC Random Number Generator 11 
Register , 

DLC First Received Byte Address 12 
Register 4 

DLC Second Received Byte 13 
Address Register 4 

DLC D-Channel Mode Register 3 14 

DLC D-Channel Mode Register 4 15 

DLC — 16 

DLC Address Status Register 17 

DLC Extended FIFO Control 18 
Register 

PP Peripheral! Port Control Register 1 1 

PP Peripheral Port Status Register 2 

PP Peripheral Port Interrupt 3 
Enable Register 

PP ‘Monitor Transmit Data Register 4 

PP Monitor Receive Data Register 5 

PP C/l Transmit Data Register 0 6 

PP C/l Receive Data Register 0 7 

PP C/l Transmit Data Register 1 8 

PP C/l Receive Data Register 1 9 

PP Peripheral Port Control 10 
Register 2 


Line Interface Unit (LIU) 


The LIU connects to the four-wire S Interface through a 
pair of isolation transformers, one for the transmit and 
one for the receive direction, as shown in Figure 1. 


The receiver section of the LIU consists of a differential 
receiver, circuitry for bit timing recovery, circuitry for 
detecting High and Low marks, and a frame recovery 
circuit for frame synchronization. The receiver converts 
the received pseudo-ternary coded signals to binary 
before delivering them to the other blocks of the 
Am79C30A/32A. It also performs collision detection 
(E- and D-bit comparison) per the CCITT recommend- 
ations so several TEs can be connected to the same 
S Interface. 


The transmitter consists of a binary to pseudo-ternary 
encoder and a differential line driver which meets the 
CCITT recommendations for the S Interface. 


Indirect 
Name Mode Address Byte Sequence 

- Perform 1-7 — 88H 4 bytes loaded 1-7 
DRCR R 89H LSB, MSB 

RNGA1 (LSB) R/W 8AH One byte transferred 


RNGR2 (MSB) R/W 8BH One byte transferred 


FRAR4 R/W 8CH One byte transferred 
SRAR4 R/W 8DH One byte transferred 
DMR3 R/W 8EH One byte transferred 
DMR4 R/W 8FH One byte transferred 
Perform 12-15 —_ 90H FRAR4, SRAR4, 
DMR3, DMR4 
ASR R 91H One byte transferred 
EFCR R/W 92H One byte transferred 
PPCR1 RAW COH One byte transferred 
PPSR R C1H One byte transferred 
PPIER R/W C2H One byte transferred 
MTDR W . +C3H One byte transferred 
MRDR R C3H One byte transferred 
CITDRO W C4H One byte transferred 
CIRDRO R C4H One byte transferred 
CITDR1 W C5H One byte transferred 
CIRDR1 R C5H One byte transferred 
PPCR2 R/W C8H One byte transferred 


The Am79C30A/32A can establish multiframe syn- 
chronization, receive S Bits, and transmit Q bits 
synchronized to the received frame. 


External Interface 


The LIU can be connected to both point-to-point and 
point-to-multipoint configurations at the CCITT S refer- 
ence point. The point-to-point configuration consists of 
one TE connected to the NT or PABX linecard. The 
point-to-multipoint configuration can have multiple TEs 
connected to one NT. 


Line Code 


Pseudo-ternary coding is used for both transmitting and 
receiving over the S Interface. In this type of coding, a 
binary 1 is represented by a space (zero voltage), anda 
binary 0 is represented by a High mark or a Low mark. 
Two consecutive binary Os are represented by alternate 
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marks to reduce DC offset on the line. A mark followed, 
either immediately or separated by spaces, by a mark of 
the same polarity, is defined as a code violation. Code 
violations are used to identify the boundaries of the 
frame. 


Frame Structures 


In both transmit and receive directions, the bits are 
grouped into frames of 48 bits each. The frame structure 
is identical for both point-to-point and point-to-multipoint 
configurations. Each frame transmitted at 4 kHz con- 
sists of several groups of bits. 


Multiframing 


If multiframing is enabled, the Am79C30A/32A re- 
cognizes and establishes multiframe synchronization 
based on the monitoring of the Fa (Q-bit control) 
and M (M-bit control) Bits. The Am79C30A/32A also 
receives and compiles S Bits, and transmits Q Bits 
synchronized to the received frame. 


Establishment of Multiframe Synchronization 


When the enable multiframe synchronization bit (Bit 0 
of the Multiframe Register) is set and the LIU is in state 
F7, the LIU monitors the Fa (Q-bit control) and M (M-bit 
control) Bits. When three consecutive multiframes with 
the M Bits and Fa Bits set as defined in Table 4 are 
received, the multiframe synchronized bit (Bit 7 of the 
Multiframe Register) and multiframe change of state bit 
(Bit 7 of the Multiframe S Bit/Status Buffer) are set. 
Note that S-bit data is received, compiled and trans- 
ferred to the user after attaining synchronization at the 
start of the next multiframe. 


S-Bit Reception 


The default operation of the DSC/IDC circuit is that the 
LIU will receive and pass multiframe data to the user in 
5-bit increments four times per multiframe, regardless 
of the value of the data. After multiframe synchron- 
ization has been requested and established, the 







Frame 
Recovery 








Decoder 
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microprocessor can read the Multiframe S Bit/Status 
Buffer (MFSB) once the S-bit available bit (MFSB Bit 5) 
is set. The S-data available bit is set to a logical 1 when 
the Am79C30A/32A has received five S Bits (one S Bit 
per S-interface frame) synchronized to the setting of 
the FA-bit to a logical 1 and transferred them into the 
MFSB. Once the S-bit available bit is set, the MFSB 
must be accessed within 1.25 ms or succeeding S data 
will be lost. 


Subsequent to the original definition of the DSC/ 
IDC circuit, the CCITT has defined a structure for the 
20 multiframe bits, which specifies five 4-bit channels. 
Furthermore, the idle code for these channels has been 
defined as 0000. An enhanced mode of multiframe re- 
ception has been included, which may be enabled by 
setting INIT2 Bit 4 toa 1. This enhanced mode reduces 
processor overhead by generating an interrupt only 
upon the reception of a non-zero S-channel word. INIT2 
Bit 4 will be automatically cleared by hardware when the 
five received data bits inthe MFSB are not all 0s, as long 
as MF Bit 1 (interrupt enable) is set. This allows subse- 
quent valid all-zero words to be received. Furthermore, 
when the first five S Bits of the multiframe are loaded 
into the MFSB, Bit 4 of the MF register will be set, which 
allows identification of the position of received words 
within the multiframe. 


HSW 


The hookswitch circuitry on the DSC circuit provides the 
attached microprocessor with a way of converting an 
external mechanical hookswitch into a software status 
condition capable of generating an interrupt. Debounce 
and glitch rejection are provided internal to the DSC 
circuit. The logic rejects glitches less than 162 ns and 
provides debounce of 16 ms. HSW status reporting is 
disabled after RESET. It is enabled by any of the follow- 
ing: taking the device out of Idle Mode, a write toa MUX 
Control register (MCR3—-MCR1), or unmasking the 
HSW interrupt. 


Line Drivers 


& 
Coder > 











Balanced 


Recovery Receiver 
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Figure 1. LIU Block Diagram 
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Table 4. Multiframing Structures 





Frame NT-to-TE 
Number Q Control Bit FA 

1 1 
2 0 
3 0 
4 0 
5 0 
6 1 
7 0 
8 0 
9 0 
10 0 
11 1 
12 0 
13 0 
14 0 
15 0 
16 1 
17 0 
18 0 
19 0 
20 0 
1 1 
2 0 
etc. 


NT-to-TE 
M Bit (M) 


NT-to-TE 
S Bit (S) 


TE-to-NT 
F, Bit (Q Bit) 


$C11 Q1 
$C21 
$C31 
$C41 
SC51 


$C12 
SC22 
$C32 
$C42 
SC52 


$013 
$C23 
$C33 
$C43 
SC53 


$014 
$C24 
$034 
$044 
SC54 


$C11 
$C21 


O- 99000 DO0000 CDO000 OOOO 
oO 9) DO '?) 
oF coo ok oo00f CCOCOR CO00 





Transmission of Q-bits 


The microprocessor can load the Multiframe Q-bit 
Buffer (MFQB) once the Q-bit buffer empty bit (Bit 6 of 
the Multiframe S Bit/Status Buffer) is set. The Q-bit 
buffer empty bit is set to a logical 1 at reset or when data 
that has been written to the Multiframe Q-bit Buffer 
is transferred to the LIU. The Q-bit buffer empty bit is 
cleared to a logical 0 when the Multiframe S-bit/Status 
Buffer is read. After multiframing has been requested 
and established the Am79C30A/32A transfers the data 
written into the Q-bit Register to the LIU, synchronized 
to the multiframe, irrespective of the receipt of valid 
Q-control bits. If the microprocessor does not reload 
the Q-bit Register for retransmission, the Q-bit pattern 
is repeated in the next multiframe. 


If multiframing is enabled but multiframe synchroniza- 
tion is not established, the LIU transmits the value 
loaded in MFQB Bit 4 in all Q Bits. The default value of 


MFQB Bit 4 is a logical 0 which satisfies the CCITT rec- 
ommendations. When synchronization is achieved, the 
contents of MFQB Bits 3 to 0 are transmitted according 
to Table 4. 


Loss of Multiframe Synchronization 


The Am79C30A/32A continuously monitors the Fa 
(Q-bit control) and the M Bits to assure multiframe 
synchronization. Once multiframe synchronization is 
established, multiframe synchronization is lost if three 
consecutive invalid multiframes are received, or the LIU 
exits state F7, or multiframing is disabled. When loss 
of multiframe synchronization occurs, Bit 7 of the Multi- 
frame Register is set to a logical 0, and Bit 7 of the 
Multiframe S Bit/Status Buffer is set to a logical 1. 
The Am79C30A/32A also terminates the reception of 
S Bits and transmission of Q Bits until multiframing 
synchronization is re-established. 





LIU Registers 
The LIU contains the following registers: 





Registers 


LIU Status Register 

LIU Priority Register 

LIU Mode Registers 

Multiframe Register 

Multiframe S-Bit/Status Register 
Multiframe Q-Bit Buffer 


—sa =e =| fo = = 


No./Registers 


Mnemonic 


LSR 

LPR 

LMR1, LMR2 
MF 

MFSB 

MFQB 
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LIU Status Register (LSR), Read Only; Address =Indirect A1H 


The LSR has the following format: 


Bit Logical 1 


Generates Interrupt 


2,1,0 Binary values 000 through 110 represent the LIU activation circuitry’s 


current state (F2 through F8, respectively) Bit 2 is MSB 


3 Change of state to F3 

4 Change of state from/to F7 
5 Change of state frorn/to F8 
6 HSW state 

7 HSW change of state 


When the microprocessor reads the LSR, Bits 3, 4, 5, 
and 7 are cleared. The other bits retain the current 
status of the LIU. Bits 0 to 2 are defined such that state 
F2 (see CCITT 1.430 state matrix tables) is coded as 0, 
F3 as 1, F4.as 2, andso on, where Bit 0 is the LSB. The 
LIU interrupts the microprocessor via Bit 4 of the LSR 
when activation has been achieved (that is, when the 
LIU moves to state F7 upon receipt of INFO 4). During 
reset the LSR is 0. 


Eventhough the LIU Status Register (LSR) is read-only, 
no default value upon power-up is given due to the 
uncertain state of Bit 6 (Hookswitch State). Following 
RESET, The LIU State is F2 andthe HSW bit reflects the 
HSW pin, producing a power-up value of either OOH or 
40H. 


LIU D-Channel Priority Register (LPR), Read/Write 


The LPR contains the priority level for D-channel 
access. Its default value after reset is 0. 


The D-channel access procedure of the Am79C30A/ 
32A uses the priority level programmed in the LPR. The 


°3,2,1,0 


No 
lf LMR2 bit 3 = 1 
lf LMR2 bit 6 = 1 
lf LMR2 bit 4 = 1 
No 
lf LMR2 bit 5 = 1 


priority mechanism defined by the CCITT I-series 
recommendations is fully implemented if the LPR is 
programmed via the microprocessor to conform to the 
priority class of the Layer-2 frame to be. transmitted. 
The LPR has 16 possible programmable priority levels. 
The priority levels are numbered 0-15. Priority Level 0 
corresponds to counting eight 1s in the echo channel, 
priority Level 1 corresponds to counting ten 1s in the 
echo channel, priority Level 2 corresponds to counting 
twelve 1s, etc. The DSC circuit automatically handles 


transitions between the programmed priority level n and 


the associated odd value n+1. The priority is incre- 
mented following a successfully transmitted packet, and 
decremented when the higher count has been satisfied. 


The LPR has the following format: 


Bits Description 


D-channel access priority level 
Bit 0 is LSB 


7,6,5,4 Reserved, reads logical 0 


LIU Mode Register (LMR1), Read/Write; Address = Indirect A3H 


LMR1 is defined as follows: 
Bit Logical 1 


Enable B1 transmit 

Enable B2 transmit 

Disable F transmit - 

Disable F, transmit 

Activation request 

Go from F8 to F3 

Enable receiver/transmitter 
Reserved; must be set to logical 0 | 


NOoah ono 


Logical 0 (default value) 


Disable B1 transmit 

Disable B2 transmit 

Enable F transmit 

Enable F, transmit 

No activation request 

No transition 

Disable receiver/transmitter 
Reserved; must be set to logical 0 


The F and F, Bits in LMR1 (Bits 2 and 3) should be enabled during the activation procedure so the Am79C30A/32A can respond 


with INFO 3. 


LMR1 Bit 4 is used to transfer the signals PH-AR and Expiry of Timer from the microprocessor to the LIU (see CCITT 1.430 state 
diagram—activation request). PH-AR is defined as Bit 4 being a logical 1 and Expiry of Timer is defined as the transition of Bit 4 
froma logical 1 to a logical 0. This bit must not be set until the LIU, as reflected in the LSR, is in state F3, F6 or F7 and the receiver 


has been enabled for a minimum of 250 us. 


LMR1 Bit 6 is primarily used to disable the receiver when the terminal does not require access to the S Interface signals. This bit is 
cleared by reset and must be written to logical 1 in order to receive activation from the S Interface, or to request activation. 


_ISDN Products 3-21 


aN AMD 


PRELIMINARY 


LIU Mode Register 2 (LMR2), Read/Write; Address =Indirect A4H 
LMR2 is used to select the following operations: 


Bit Logical 1 


D-channel loopback at Am79C30A/32A enable 
D-channel loopback at LIU enable 

D-channel back-off disable 

F3 change of state interrupt enable 

F8 change of state interrupt enable 

HSW interrupt enable 

F7 change of state interrupt enable 


NOOO OM O 


The three D-channel loopback controls defined in LMR2 
Bits 0, 1, and 2 are explained below: 


Bit 0, D-channel loopback at Am79C30A/32A enable: 


’ Am79C30A 


NT/PABX 





This remote loopback is provided for maintenance 
purposes from the NT’s perspective. The NT transmits 
D-channel bits to the Am79C30A/32A where they are 
internally looped (with the Data Link Controller) and 
transmitted back to the NT. The incoming D-channel 
data can be accessed by the microprocessor; however, 
the microprocessor cannot send data on the outgoing 
D Channel. 


Any difference between the transmitted D-channel 
bits and the received E-channel bits to/from the 
Am79C30A/32A (normally detected as an error which 
halts the transmission) is ignored, thereby allowing the 
transmission to continue. 


Logical 0 (Default Value) 


D-channel loopback at Am79C30A/32A disable 
D-channel loopback at LIU disable 

D-channel back-off enable 

F3 change of state interrupt disable 

F8 change of state interrupt disable 

HSW interrupt disable 

F7 change of state interrupt disable 


Reserved; must be set to logical 0 


Reserved; must be set to logical 0 


Bit 1, D-channel loopback at LIU enable: 


Am79C30A NT/PABX 
D S OD 


MPI 


This local loopback is provided for local testing. Data on 
the incoming D Channel is ignored. The data from the 
microprocessor is processed by the DLC and then 
looped back to the microprocessor in addition to being 
output to the S Interface. 


Bit 2, D-channel back-off disable: 


Am79C30A NT/PABX 


s 


This loopback is provided for maintenance purposes 
from the TE’s perspective. The Am79C30A/32A trans- 
mits D-channel bits to the NT where they are looped and 
transmitted back to the Am79C30A/32A in the E Chan- 
nel. The operation is normal except differences between 
the D and E Channels do not halt the transmission. 





Multiframe Register (MF), Read/Write; Address = Indirect A6H 


Bit Logical 1 

0 Enable multiframe synchronization 

1 Enable S-data available interrupt 

2 Enable Q-bit buffer empty interrupt 

3 Enable Multiframe change of state interrupt 
4 First subframe 

6,5 Not used, reads logical 0 

7 Multiframe synchronized (read only ) 


Logical 0 (Default Value) 


Disable multiframe synchronization 
Disable interrupt 

Disable interrupt 

Disable interrupt 

Not first subframe 

Not used, reads logical 0 

Multiframe not synchronized (read only) 





3-22 Am79C30A Data Sheet 


PRELIMINARY 


AMD i 


Multiframe S-bit/Status Buffer (MFSB), Read Only; Address = Indirect A7H 


jee] 
— 
al 


Description 


S1 

$2 

$3 

$4 

$5 

S-data available 

Q-bit buffer empty 
Multiframe change of state 


NO Of OM = © 


The MFSB reset default value is 40H. 


Multiframe Q-bit Buffer (MFQB), Write Only; 
Address = Indirect A8H 


Bit Description 


0 Q1 (default = 1) 
1 Q2 (default = 1) 
2 Q3 (default = 1) 
3 Q4 (default = 1) 
4 Q-bit value when multiframing enabled 
but synchronization not achieved (default = 0) 
5,6,7 Not used 


Multiplexer (MUX) 


The MUX contains the following registers: 


Register No./ Registers Mnemonic 
MUX Control Registers 4 MCR1, MCR2, 
MCR3, MCR4 


The Multiplexer is used to selectively route 64-kb/s full- 
duplex B Channels between the LIU (Line Interface 
Unit), MAP (Main Audio Processor), MPI (Microproces- 
sor Interface), and the PP (Peripheral Port). 


The logical channels available at the MUX are shown in 
Figure 2. They are: 


From/to the LIU Channels B1 and B2 
From/to the MAP Channel Ba 

Fronvto the MPI Channels Bb and Bc 
From/to the PP Channels Bd, Be, and Bf 


For any specific application, the MUX can be pro- 
grammed by the microprocessor to route any three 
B-channel ports to any other three B-channel ports. 
Programmable bidirectional bit reversal is provided for 
both of the MPI data channels Bb and Bc. 


Pe Ne 


Generates Interrupt 


No 
No 
No 
No 
No 
If MF bit 1=1 
If MF bit2=1 
If MF bit 3 =1 


MUX Control Registers 1, 2, and 3 
(MCR1, MCR2, and MCR3), Read/Write; 
Addresses = Indirect 41H, 42H, 43H 


The MUX can support three bidirectional paths. The 
contents of the MUX Control Registers MCR1, MCR2, 
and MCR3 direct the flow of data between the eight 
MUX logical B Channels (see Figure 2). These three 
MCRs are programmed to connect any two B-channel 
ports together by writing the appropriate channel code 
into an MCR. These MCRs have the same format, 
where Bits 7—4 indicate port 1 and Bits 3—0 indicate port 
2. In each of these three MCR registers, the following 
channel codes are used for both ports 1 and 2: 


MCR Register Channel Codes 


Code Channel 

0000 No connection (default value) 
0001 B1 (LIU) 

0010 B2 (LIU) 

0011 Ba (MAP) 

0100 ~~—~*Bb (MPI) 

0101 Be (MPI) 

0110 Bd (PP channel 1) 

0111 Be (PP channel 2) 

1000 Bf (PP channel 3) 


For example, to connect B1(LIU) with Bb (MPI) and B2 
(LIU) with Ba (MAP), the contents of the MCRs would 
be: 


Porti / Port2 


Register 76543210 Channel Connection 
MCR1 00010100 
MCR2 00100011 


MCR3 0000 0000 


B1 (LIU)<—>Bb (MPI) 
B2 (LIU)<—>Ba (MAP) 
No connect<->No connect 


Therefore, in this example, MCR1 provides a data link 
fromthe S Interface and MCR2 sets up a voice connec- 
tion across the S Interface. 
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Peripheral Port 


Bb 
MPI B-Channel 
MUX 
Bc 
Ba MAP 


LIU 
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Figure 2. MUX Logical Channels 


To loopback a channel, the same channel code is used 
for port 1 and port 2. For example, to loopback B1, B2, 
and Ba, the MCRs would be: 


Port1 / Port2 
Register 76543210 Channel Connection 
MCRI1 00010001 B1 (LIU) Loopback 
MCR2 00100010 B2 (LIU) Loopback 
MCR3 00110011 Ba (MAP) Loopback 


MCR3 has higher priority than MCR2. MCR2 has higher 
priority than MCR1. 


If multiple connections are made to the same port, the 
data from the connecting ports in the highest priority 


MCR will overwrite the data from the connecting port in 
the lower priority MCR, for example: 


Porti / Port2 


Register 76543210 Channel Connection 
MCR1 0000 0000 No connect 

MCR2 00010100 B1 (LIU)<—>Bb (MPI) 
MCR3 01000011 Bb (MPI)<—>Ba (MAP) 


The final data transfers are: 


B1 (LIU) receives Bb (MPI), 
Ba (MAP) receives Bb (MPI), 
Bb (MPI) receives Ba (MAP). 


Therefore, the data transfer from B1(LIU) to Bb(MPI) is 
lost in the arrangement proposed in MCR2. 


MUX Control Register 4 (MCR4), Read/Write; Address =Indirect 44H 
The MUX Control Register 4 (MCR4) can prevent interrupt generation by masking the output of IR Bit 4. MCR4 has 


the following format: 


Bit Logical 1 

2,1,0 Reserved, must be set to logical 0 

3 Enable Bb- or Bc-channel byte available interrupt (IR Bit 4) 
4 Reverse bit order of Bb (LSB transmitted/received first) 

5 Reverse bit order of Bc (LSB transmitted/received first) 

6 Reserved, must be set to logical 0 

7 Reserved, must be set to logical 0 
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Logical 0 (Default Value) 


Reserved, must be set to logical 0 

Disable interrupt 

No Bb bit reversal (MSB transmitted/received first) 
No Bc bit reversal (MSB transmitted/received first) 
Reserved, must be set to logical 0 

Reserved, must be set to logical 0 
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Main Audio Processor (MAP) 
(Am79C30A Only) 


Overview 


The MAP, as illustrated in Figure 3, implements audio- 
band analog-to-digital (ADC) and digital-to-analog 
(DAC) conversions together with a wide variety of audio 
support functions. Analog interfaces are provided for a 
handset earpiece, a handset mouthpiece, a micro- 
phone, and a loudspeaker. A programmable analog 
preamplifier is included in front of the A/D converter. The 
codec and filter functions are implemented using digital 
signal processing (DSP) techniques to provide opera- 
tional stability and programmable features. There is one 
programmable digital gain stage in the transmit path and 
two in the receive path to allow precise signal level 
control. Sidetone attenuation is programmable, and 
programmable equalization filters are present in both 
the receive and transmit paths in order to modify the fre- 
quency response of either or both paths. Tone genera- 
tion capability is included to allow generation of ringing 
signals, DTMF tones, and call progress signals. MAP 
operation is described in detail in the following sections. 


CAP1 © 
CAP2 0 






AINA—* 
AINB—e 


AREF a<t 


Digital 
Loopback 


(A) 


eweeeeweeeececveveewevenneeeneveecececeecc & 





EAR1 “<b 
EAR2 


DAC 
LS1 


Interpolators, LPF 


MINIMUM DEFAULT MAXIMUM STEP 
Gx OdB*  odB 12 dB 0.5 dB 
GER -10dB*  0dB 18 dB 0.5 dB 
GR -12dB**  0OdB 0dB 0.5 dB 
STG -18dB** -18dB 0dB 0.5 dB 
GA 0 dB 0dB 24 dB 6.0 dB 


>» 


Programmable 


Decimators, BPF 





AMD at 
Audio Inputs 


The audio input port consists of two inputs (AINA and 
AINB) which are selectable, one at a time, by register 
programming. Signals applied to these inputs must be 
AC-coupled. 


Earpiece and Loudspeaker Drivers 


The earpiece and loudspeaker drivers each consist of 
amplifiers with differential, low-impedance outputs. The 
MAP receive path signal may be routed to either of these 
outputs, or to both outputs simultaneously. Alterna- 
tively, the MAP receive path may be routed to the EAR 
outputs while the Secondary Tone Ringer (STR) is 
routed to the LS outputs. The EAR drivers can drive 
loads >540 ohms between the EAR1 and EAR2 pins, 
while the LS drivers can drive loads >40 ohms between 
the LS1 andLS2 pins. The maximum capacitive-loading 
between EAR1 and EAR2 or between LS1 and LS2 is 
100 pF. The EAR outputs are high-impedance when the 
MAP is disabled. The LS outputs are high impedance 
when both the MAP and the Secondary Tone Ringerare 
disabled. 
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*“These registers can also be programmed for infinite attenuation to break the signal path if desired. 


Figure 3. Main Audio Processor Block Diagram 
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Programmable Analog Preamplifier 


A programmable analog preamplifier GA is included in 
front of the A/D converter, and is adjustable in 6-dB 
increments from 0 dB to +24 dB. The existing GX gain 
stage in the transmit path may be used for finer adjust- 
ment of transmit gain. This preamplifier eliminates the 
need for an external operational amplifier when interfac- 
ing electret-type handsets to the DSC circuit. 


Signal Processing 
Transmitter 


The transmitter performs a series of operations as 
described below: 


1. An ADC converts the incoming analog signal at a 
sampling rate of 512 kHz. 


2. The Band Pass Filter and a series of decimators 
reject DC and 50- to 60-Hz line frequencies while 
reducing the sampling rate to 8 kHz. 


3. The X filter is an 8-tap user-programmable filter for 
tuning the microphone. The default is flat with unity 
gain. 


4. The GX filter is a programmable gain filter that allows 
the user to program a gain of 0 to +12 dB in 0.5-dB 
steps. The default value is 0 dB. 


5. The p-law or A-law digital compression algorithm 
converts the linear output of the GX filter to p- or A- 
law code. The default algorithm is -law code. The 
MSB (sign bit) is transferred first to (or from) 
the MUX. 


Receiver 


The receiver performs a series of operations described 
as follows: 


1. An expander converts the input A- or p-law data to 
digital linear data. The most significant bit is trans- 
ferred from the MUX first. The default value is p-law. 


2. TheGR filter is a programmable gain filter that allows 
the user to program a gain of —12 to 0 dB in 0.5-dB 
steps. The default value of GR is 0 dB. 


3. The GER and Sidetone Gain (STG) are program- 
mable constant multipliers which allow the user to 
program a gain of —10 to +18 dB in 0.5-dB steps 
(default value O dB) and —18 to O dB in 0.5-dB 
steps (default value —18 dB) respectively. The GER 
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provides volume control (for the hearing impaired) 
and should be programmed to 0 dB for normal opera- 
tion. The sidetone gain path provides feedback from 
the transmitter. 


4. The R filter is provided to correct for speaker attenu- 
ation distortion and is a user-programmable filter 
similar to the X filter in the transmitter. 


5. A series of interpolators increases the sampling 
frequency. 


6. A DAC converts the digital signal to the analog 
audio output signal. 


Tone Generators 


The MAP contains three tone generators which can be 
enabled via MAP Mode Register 2 Bits 2, 3, and 4. Only 
one of the three tone generator bits inthe register can be 
set at atime. If more than one bit is set, all three bits are 
considered set to zero and tone generation is disabled. 
The tone generators are: 


DTMF Generator 


This generator provides tone injection at a sampling rate 
of 32 kHz into the transmit and sidetone paths (Figure 3, 
Block A). The DTMF frequencies generated are guaran- 
teed to +1.2% deviation. 


Tone Generation 


This generator provides call progress tones to the re- 
ceive path, where it is added to the incoming speech 
(Figure 3, Block B). 


Tone Ringer 


This generator provides tone alert signals output 
through the receive path to the loudspeaker or earpiece 
(Figure 3, Block C). 


To program the DTMF tone generators, two frequency 
values and two amplitude values must be written to the 
two 8-bit Frequency Tone Generator Registers 
(FTGR1, FTGR2) and the two 8-bit Amplitude Tone 
Generator Registers (ATGR1, ATGR2), respectively. 


The Tone Generator and the Tone Ringer use the fre- 
quency programmed in FTGR1. The Tone Generator 
uses the amplitude programmed in ATGR1 while the 
Tone Ringer uses the amplitude programmed in 
ATGR2. 
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The FTGR codes to obtain DTMF dialing output frequencies are listed in the table below: 







FTGR 2 or 1 


- HEX REG VALUE 


FREQ 
FTGR 1 OR2 





The output frequency of the DTMF tone generator 
approximately equals : 
64000 
integer (8192/i) + 1 
where i is the decimal equivalent of value programmed 
into the FTGR register. This allows the DTMF generator 
to supply common dual tone call progress signals such 
as Busy or Dial tones. 


DTMF Frequency in Hz = 


Table 5. Tone Ringer and Tone Generator 
Frequency Coefficients 


Frequency (Hz) Hex Code 
2666 AB 
2000 81 
1600 67 
1333 56 
4142 4A 
1000 41 

889 39 
800 34 
727 2F 
667 2B 
615 28 
571 25 
533 23 
500 21 
47 1F 
444 1D 
421 1B 
400 1A 
381 19 
364 ; 18 
348 17 
333 16 
320 15 


Note: These coefficients do not apply to the DTMF generator. 


The ATGR registers allow the user to program a gain of 
—18 dB to 0dB in 2-dB steps. Example ATGR codes to 
obtain amplitude gains are listed in the following table. 


[= [x fo] 









0 dB implies a level of +3 dBm0. The gain values are 
rounded off to the nearest 1 dB. 


Amplitude Gain Coefficients 


Gain (dB) Hex Code 
~18 37 
-16 32 
-14 31 
-12 27 
-10 22 

-8 21 

-6 20 

—4 12 

~2 11 

0 10 
Secondary Tone Ringer 


A Secondary Tone Ringer is included, which is able to 
ring the phone using the LS outputs while a voice con- 
versation is in progress on the EAR outputs. The STR is 
louder than the Tone Generator, and may be used with 
or without enabling the MAP in order to provide flexible 
control of system power consumption. The STR is not 
available if the INIT register is programmed to Idle or 
Power-Down Mode. The amplitude and frequency of the 
STR square-wave output waveform is programmable 
via the STRA and STRF registers, respectively. If both 
the LS outputs from the MAP receive path and the STR 
are simultaneously enabled, priority is given to the STR 
connection. The STR is available for both the DSC and 


- IDC circuits. A legal value must be programmed in the 


STRF register before the STR is enabled. 
Programmable Gain Coefficients 


The GER, GR, GX, and Sidetone gain coefficients are 
each 16 bits in length. Two consecutive register loca- 
tions correspond to one gain coefficient. The LSB is 
transferred first to (or from) the microprocessor. Sample 
coefficients for the GER filter are listed in Table 6. The 
gain values are rounded off to the nearest 0.1dB. 
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Table 6. GER Gain Coefficients 


ex Co 


Gain 
(dB) 


4.0 
4.5 
5.0 
5.5 
6.0 


6.5 
7.0 
7.5 
8.0 
8.5 


9.0 
9.5 
10.0 
10.5 
11.0 


11.5 
12.0 
12.5 
13.0 
13.4 
14.0 
14.5 
15.0 
15.5 
15.9 
16.6 
16.9 
17.5 
18.0 
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Example coefficients for the GR, GX, and STG filters 
are listed in the following table. The gain values are 
rounded off to the nearest 0.1 dB. 


GX Gain Coefficients 


Gain Hex Code 
(dB) MSB LSB 
0.0 08 08 
0.5 4C B2 
1.0 3D AC 
1.5 2A E5 
2.0 25 33 
2.5 22 22 
3.0 21 22 
3.5 1F D3 
4.0 12 A2 
4.5 : 12 1B 
5.0 11 3B 
5.5 0B C3 
6.0 10 F2 
6.5 03 BA 
7.0 02 CA 
7.5 02 1D 
8.0 01 5A 
8.5 ; 01 22 
9.0 01 12 
9.5 00 EC 
10.0 00 32 
10.5 00 21 
11.0 00 13 
11.5 00 11 
12.0 00 OE 


GR Gain Coefficients 


Gain Hex Code 
(dB) MSB LSB 
-12.0 91 F9 
—11.5 91 C5 
-11.0 91 B6 
-10.5 92 12 
-10.0 91 A4 
-9.5 92 22 
-9.0 92 32 
-8.5 92 FB 
-8.0 92 AA 
75 93 27 
-7.0 93 B3 
-6.5 94 B3 
-6.0 9F 91 
-5.5 9C EA 
-5.0 9B F9 
4.5 9A AC 
-4.0 9A 4A 
-3.5 A2 22 
-3.0 A2 A2 
2.5 A6 8D 
-2.0 AA A3 
1.5 B2 42 
-1.0 BB 52 
~-0.5 CB B2 
0.0 08 08 


amp 
STG Gain Coefficients 


Gain —____Hex Code 
(dB) MSB LSB 
—18.0 8B 7C 
-17.5 8B 44 
-17.0 8B 35 
~16.5 8B 2A 
~16.0 8B 24 
-15.5 8B 22 
-15.0 91 23 
-14.5 91 2E 
-14.0 91 2A 
~13.5 91 tga 
~13.0 91 3B 
-12.5 91 4B 
-12.0 91 F9 
-11.5 91 C5 
-11.0 91 Be 
-10.5 92 12 
-10.0 91 A4 
-9.5 92 22 
~9.0 92 32 
-8.5 92 FB 
-8.0 92 AA 
-7.5 93 27 
-7.0 93 B3 
-6.5 94 B3 
-6.0 OF 91 
5.5 9C EA 
-5.0 9B F9 
—4.5 9A AC 
-4.0 9A 4A 
-3.5 A2 22 
-3.0 A2 A2 
-2.5 AG 8D 
-2.0 AA A3 
-1.5 B2 42 
-1.0 BB 52 
-0.5 CB B2 
0.0 08 08° 


The coefficient 9008 provides an attenuation of infinity when 
GR, GX, and/or STG are enabled. 


Overflow/Underflow Precautions When Using 
Programmable Gains 


Care must be taken so that at any point in the signal 
processing path, the combination of gains and filters 
and/or tones does not result ina signal that is larger than 
full scale. Full scale is defined as the digital representa- 
tion of the maximum analog signal that is allowed into 
the transmitter or out of the receiver with all filters and 
gain stages at their default (0 dB) settings (e.g., in 
A-Law, the transmitter full scale is +1.25 Vp and the 
receiver full scale is +2.5 Vp). Likewise, it is desirable 
that the peak signal be kept as close to full scale as pos- 
sible at any point in the signal processing path in orderto 
minimize digital truncation effects in the A/D, D/A, and 
MAP DSP. 


Consider the following example: STG is programmed 
for infinite attenuation, GR is programmed to —6 dB 
while GER is programmed to +12 dB, and the R filter is 
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programmed to exhibit a net gain of -6 dB. Assume the 


analog full scale out of the receiver is + 2.5 Vp, and a full 
scale PCM code is possible from the MUX. After GR, the 
equivalent analog signal will be 2.5/2 =+1.25 Vp. How- 
ever, after GER the signal will be 1.25.4, or +5 Vp. Even 
though the R filter will have a net gain of —6 dB, the signal 
will be clipped after GER and distorted for PCM codes 
between full scale and 6 dB below full scale due to the 
_ intermediate result at the output of GER. 


Be very careful when programming the tone ringers/ 
generators. For example, if one of the DTMF tones is 
programmed to 0 dB, atone is generated that is equiva- 
lent to a + full scale signal in the transmit path. This 
means no headroom is left for the other DTMF tone. 
Therefore, the DTMF generator should never be pro- 
grammed to exceed full scale if signal quality is to be 
maintained. In the receive path, similar caution should 
be exercised in order to prevent the combination of Tone 
Generator, Sidetone, GR, and GER from clipping the 
signal. 


Programmable Filter Coefficients and Equations 
The frequency domain transfer function equation forthe 
X and R filters is: 

ht = ho + hiz-1 + haz ?+ haz? + haz“ + hsz>4 hez + h7z-” 


where: 
Z= cos (wT) +i - sin(wT) 
j = (~1) 12 
w = frequency of input signal in Hz - 2pi 
T. = sample period in seconds (0.125 ms) 
hj (j = 0,1,...7) = user defined coefficients. 


Each hj coefficient is defined by the following equation: 
hj =A3 {1 +A2[1+A1(1+A0)]} 


where each hj Coefficient Register pair has the following 
format: 


Byte 7 654 3 210 
LSB S1 M1 so Mo 
MSB $3 M3 $2 M2 


and Ai=-1S'2-!, (j=0,1,2,3). 


The X and R filter coefficients are programmed using a 
16-byte transfer with the following format: 


Byte Value 
0 ho LSB 
1 ho MSB 
2 h1 LSB 
3 h1 MSB 
4 h2 LSB 
5 h2 MSB 
6 h3 LSB 
7 h3 MSB 
8 h4LSB 
9 h4 MSB 

10 h5 LSB 
11 h5 MSB 
12 h6 LSB 
13 hé6 MSB 
14 h7 LSB 
15 h7 MSB 


AmMAP™ software, which calculates X and R filter coefficients, is 
available from Advanced Micro Devices. Contact your local AMD® 
Sales Office for more information. 


Test Facilities 


Three capabilities are provided for MAP operation 
verification: 


MAP Analog Loopback 


Signals sent inon AINA or AINB may be sent back out to 
EAR1/EAR2 or LS1/LS2 by looping the MAP path in the 
MUX. The MUX should be set up for Ba-to-Ba loop- 
back by writing 33H to MCR1, MCR2, or MCR3. No 
other MUX connections overriding Ba-to-Ba should 
be programmed. This test allows the MAP analog and 
digital to be tested using a local signal source. 


MAP Digital Loopback 1 


This loopback mode connects the interpolator output to 
the decimator input, in place of the ADC output. This 
mode allows verification, from the S Interface or micro- 
processor, that the MAP digital circuitry is functional. 
Note that the digital patterns received after loopback will 
not be identical to the transmitted patterns. The D-D 
gain is approximately 2.5 dB. 


MAP Digital Loopback 2 


This loopback mode connects the analog D/A output 
path to the analog A/D input path, internal to the DSC 
circuit. The EAR and LS outputs and both AIN inputs 
will be disabled. This mode allows verification, from 
the S Interface or microprocessor, that the MAP analog 
and digital circuitry are functional. The digital patterns 
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received after loopback will not be identical to the 
transmitted patterns. 


The bits in the MAP Mode Register define the enable/ 
disable options for the various MAP configurations as 
follows: 


MAP Registers 


The MAP contains the following programmable 
registers: 


MAP Register # Bytes Mnemonic 


X-Filter Coefficient Register 16 xX 
R-Filter Coefficient Register 16 R 
GX-Gain Coefficient Register 2 GX 
GR-Gain Coefficient Register 2 GR 
GER-Gain Coefficient Register 2 GER 
Sidetone-Gain Coefficient Register 2 STGR 
Frequency Tone Generator Register 2 FTGR 
Amplitude Tone Generator Register 2 ATGR 
MAP Mode Registers (3) 1 MMR 
Secondary Tone Ringer Amplitude Reg. 1 STRA 
Secondary Tone Ringer Frequency Reg. 1 STRF 


Note: It is necessary to complete any transfers to the multi- 
byte MAP registers. For instance, a total of 16 bytes must be 
transferred to update the X filter. 


MAP Mode Register 1 —(MMR1) — Read/Write 
Address = Indirect 69H 


Bit Logical 1 

A-Law 

GX coefficient loaded from register 

GR coefficient loaded from register 

GER coefficient loaded from register 

X coefficient loaded from register 

R coefficient loaded from register 

Sidetone gain coefficient loaded from register 
Digital loopback at MAP enabled 


NOah WDD — © 
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Following reset, the MAP registers FTGR, MMR1, 
MMR2, MMR3, STRA, and STRPF all default to 00 hex. 
All other MAP registers are not affected by reset and 
must be programmed by the microprocessor before 
being enabled. When the registers are disabled, or after 
reset, the MAP will have the following response: 


Filter Default Response 

X Filter Disabled (0 dB, Flat) 
R Filter Disabled (0 dB, Flat) 
GX Filter Disabled (0 dB, Gain) 
GR Filter Disabled (0 dB, Gain) 
GER Filter Disabled (0 dB, Gain) 


Sidetone gain Disabled (-18 dB, Gain) 


Logical 0 (default mode) 


p-Law 

GX bypassed; gain=0 dB 

GR bypassed; gain=0 dB 

GER bypassed; gain=0 dB 

X bypassed; response = flat 

R bypassed; response =flat 

STG gain=—18 dB* 

Digital loopback at MAP disabled 


*To remove the sidetone path completely, it is necessary to enable the STG function by setting MMA1 Bit 6 to 1, and program the 


STGR coefficient to 9008 (hex). 


MAP Mode Register 2— (MMR2) — Read/Write 
Address = Indirect 6AH 


w 
— 
me 


Logical 1 


AINB selected 

LS1/LS2 selected 

DTMF enabled 

Tone generator enabled 

Tone ringer enabled 

High pass filter disabled 

ADC auto-zero function disabled 
Reserved, must be Logical 0 


NOah © M + © 


Logical 0 (default mode) 


AINA selected 

EAR1/EAR2 selected 

DTMF disabled 

Tone generator disabled 

Tone ringer disabled 

High pass filter enabled 

ADC auto-zero function enabled 
Reserved, must be Logical 0 


Note: For most applications, MMR2 Bits 5 and 6 should always be written to logical 0. This enables the 50-60 Hz rejection filter and 
the internal offset cancellation circuits to operate normally. They can both be disabled when system or test conditions require the 


transmission of DC or low frequency signals. 
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Map Mode Register 3—(MMR3)— Read/Write 


Address Indirect 6CH 


Bi 
7654 
0X X X 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
0X X X 
0X xX X 
0X X X 
oX xX X 
0X X X 
0X X X 
0X X X 
0X X X 


t 


x KKK KKK KK LW 
<< «KKK KK KK KK KIN 


oOo — 


x K KK KK 


xx«K~ XK Of 


x KX KK KKK KKK KKK] 
x K KK KK KK KKK KKK KILO 


oOo — 


X 
X 


o=— 


Function 


Bit 7 Reserved, must be written to 0 

0-dB pre-amplifier gain, 1.250-V maximum peak input voltage 
+6-dB pre-amplifier gain, 0.625-V maximum peak input voltage 
+12-dB pre-amplifier gain, 0.312-V maximum peak input voltage 
+18-dB pre-amplifier gain, 0.156-V maximum peak input voltage 
+24-dB pre-amplifier gain, 0.078-V maximum peak input voltage 
Reserved; undefined 


Reserved; undefined 


Reserved; undefined 


MUTE ON, AINA and AINB inputs disabled 
MUTE OFF, AINA or AINB enabled 


Digital Loopback 2 enabled; D/A output looped to A/D input; EAR, LS, and AIN pin disabled 


Digital Loopback 2 disabled 


EAR and LS simultaneously enabled 
EAR or LS enabled by MMR2 Bit 1 


Secondary Tone Ringer enabled 
Secondary Tone Ringer disabled 


Secondary Tone Ringer Amplitude Register—(STRA)— Read/Write 
Address = Indirect 6.DH 





Approximate 

Bit Relative Power into 
76543210 Peak-to-Peak Output Voltage Output 50 Ohms 
00000000 Silent 
0001000 0 Reserved 
0010000 0 Reserved 
00110000 Reserved 
0100000 0 Reserved 
0101000 0 Reserved 
0110000 0 0.22 V -27 dB 0.25 mW 
01114131000 0 - 0.31 V -24 dB 0.5 mW 
1000000 0 0.44 V -21 dB 1.0 mW 
10010000 0.62 V -18 dB 2.0 mW 
10109000 0 0 0.88 V -15 dB 4.0 mW 
1011000 0 1.25 V . —12 dB 8.0 mW 
1100000 0 1.77V -9 dB 16.0 mW 
110141 000 0 2.50 V -6 dB 31.25 mW 
11100000. 3.53 V -3 dB 62.5 mW 
1131310000 5.00 V 0 dB 125.0 mW 
XX X X00 0 0 Bits 0-3 Reserved; must be written to 0 
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Secondary Tone Ringer Frequency Register (STRF), Read/Write; Address = Indirect 6EH 


STRF is a Read/Write register controlling the frequency of the secondary tone ringer. Hex codes 7F and 00 are 
reserved and should not be used. The coefficients are defined in the following table: 


Table 7. Frequencies for Secondary Tone Ringer 


Counter Frequency Counter Frequency Counter Frequency Counter Frequency 
Value Hz Value Hz Value Hz Value 

Reserved 3B 727.3 Ds 369.2 F7 247.4 
1F Reserved 9D 716.4 6C 366.4 FB 246.2 
OF 12000.0 4E 705.9 36 363.6 FD 244.9 
87 9600.0 27 695.7 1B 360.9 7E 243.7 
43 8000.0 13 685.7 8D 358.2 BF 242.4 
At 6857.1 09 676.1 C6 355.6 5F 241.2 
Do 6000.0 04 666.7 E3 352.9 oF 240.0 
E8 5333.3 82 657.5 F1 350.4 97 238.8 
F4 4800.0 41 648.7 78 347.8 CB 237.6 
7A 4363.6 AO 640.0 3C 345.3 65 2365 
3D 4000.0 50 631.6 9E 342.9 32 2353 
1E 3692.3 A8 623.4 CF 340.4 99 234.2 
8F 3428.6 D4 615.4 E7 338.0 cc 233.0 
C7 3200.0 6A 607.6 73 335.7 66 231.9 
63 3000.0 B5 600.0 39 333.3 B3 230.8 
Bi 2823.5 DA 592.6 9C 331.0 59 229.7 
58 2666.7 6D 585.4 CE 328.8 AC 2986 
2c 2526.3 B6 578.3 67 326.5 56 0975 
16 2400.0 5B 571.4 33 324.3 2B 206 4 
0B 2285.7 AD 564.7 19 322.2 15 225.4 
05 2181.8 D6 558.1 8c 320.0 BA 2043 
02 2087.0 6B 551.7 46 317.9 C5 203.3 
01 2000.0 35 545.5 A3 315.8 62 202.2 
80 1920.0 9A 539.3 D1 313.7 34 991.9 
20 1777.8 AG 527.5 B4 309.7 oc 9199 
10 1714.3 D3 521.7 5A 307.7 06 218.9 
88 1655.2 69 516.1 2D 305.7 aa pe 
C4 1600.0 34 510.6 96 303.8 C1 3162 
E2 1548.4 1A 505.3 4B 301.9 Eo 315.3 
71 1500.0 oD 500.0 25 300.0 70 Bes 
38 1454.6 86 494.9 12 298.1 Bs A194 
1C 1411.8 C3 489.8 89 296.3 5C 3124 
8E 1371.4 E1 484.9 44 294.5 . AE Sie 
47 1333.3 FO 480.0 A2 292.7 oes Sane 
23 1297.3 F8 475.3 51 290.9 AB eae 
91 1263.2 7C 470.6 28 289.2 oe Ba 7 
48 1230.8 BE 466.0 94 287.4 . 
A4 1200.0 DF 461.5 4A 285.7 AA 207.8 
D2 1170.7 6F 457.1 AS 284.0 D5 206.9 
E9 1142.9 B7 452.8 52 282.4 EA 206.0 
74 1116.3 DB 448.6 AQ 280.7 FS 205.1 
3A 1090.9 ED 444.4 54 279.1 FA 204.3 
1D 1066.7 F6 440.4 2A 277.5 7D 203.4 
OE 1043.5 7B 436.4 95 275.9 3E 202.5 
07 1021.3 BD 432.4 CA 274.3 OF 201.7 
03 1000.0 5E 428.6 E5 272.7 4F 200.8 
81 979.6 AF 424.8 72 271.2 AT 200.0 
co 960.0 D7 421.1 B9 269.7 53 199.2 
60 941.2 EB 417.4 bc 268.2 29 198.4 
30 923.1 75 413.8 EE 266.7 14 197.5 
98 905.7 BA 410.3 77 265.2 0A 196.7 
4C 888.9 5D 406.8 BB 263.7 85 195.9 
26 872.7 2E 403.4 DD 262.3 42 195.1. 
93 857.1 17 400.0 6E 260.9 21 194.3 
49 842.1 8B 396.7 37 259.5 90 193.6 
24 827.6 45 | 393.4 9B 258.1 C8 192.8 
92 813.6 22 390.2 CD 256.7 E4 192.0 
C9 800.0 11 387.1 E6 255.3 Fo 191.2 
64 786.9 08 384.0 F3 254.0 FQ 190.5 
B2 774.2 84 381.0 79 252.6 FC 189.7 
D9 761.9 C2 378.0 BC 251.3 FE 189.0 
EC 750.0 61 375.0 DE 250.0 FF 188.2 
76 738.5 Bo 372.1 EF 248.7 
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Data Link Controller (DLC) 


Overview 


A16 kb/s D Channelis time multiplexed within the frame 
structure of the S Interface. The data carried by the 
D Channel is encoded using the Link Access Pro- 
tocol D-channel (LAPD) format shown in Figure 5. The 
D Channel can be used to carry either end-to-end sig- 
naling or Low speed packet data. Further information 
concerning LAPD protocol can be found in the CCITT 
recommendations. The LIU controls the multiplexing 
and demultiplexing of the D-channel data between the 
S Interface and the DLC. 


The DLC performs processing of Level 1 and partial 
Level-2 LAPD protocol, including flag detection and 
generation, zero deletion and insertion, Frame Check 
Sequence (FCS) processing for error detection, and 
some addressing capability. High level protocol pro- 
cessing is done by the external microprocessor. The 
microprocessor may process the address field in the 
LAPD frame depending on the programmed state of 
the DLC. The status of the DLC is held in the status 
registers and relevant interrupts are generated under 
user program control. In addition to transmit and receive 
data FIFOs, the DLC contains a 16-bit pseudo-random 
. number generator (RNG) used in the CCITT D-channel 
address allocation procedure. 


D-Channel Processing 
Random Number Generator (RNG) 


The RNG is accessible by the microprocessor and oper- 
ates in the following manner: 


On the Low-to-High transition of the reset signal, the 
RNG is cleared, then started. The RNG stops when the 
LSB or MSB of the 16-bit counter is read by the micro- 
processor, or when the MSB is loaded by the micropro- 
cessor. Writing to the MSB of the counter loads this byte 
but does not start the RNG. The RNG starts when the 
LSB of the counter is loaded by the microprocessor. 


Frame Abort 


The DLC aborts an incoming D-channel frame when 
seven contiguous logical 1s are received. When this 
occurs, an “End of Receive Packet’ interrupt is issued to 
the processor. DER Bit 0 is set to a logical 1 when 
the last byte of the aborted packet is read from the 
D-Channel Receive Buffer. The “Receive Abort” inter- 
rupt can be masked by setting DMR2 Bit 0 to a logical 0. 
With the exception of the “Packet Reception in Pro- 
gress’ bit, no other bits associated with packet reception 
are updated after a receive packet abort. The receive 
frame can be aborted at any time by setting INIT Bit 6 to 
logical 1. Similarly, the transmit frame can be aborted by 
setting INIT Bit 7 to a logical 1. When the transmit frame 
is aborted, seven consecutive 1s are transmitted on the 
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S Interface followed by a logical 0, and DSR1 Bit 7 is set 
to a logical 1. Seven consecutive 1s followed by a 0 will 
continue to be transmitted as long as INIT Bit 7 is set to 
1. DSR1 Bit 7 will be set after each sequence of seven 
consecutive 1s followed by 0. 


Level-2 Frame Structure 


The D-channel Level-2 frame structure conforms to one 
of the formats shown in Figure 5. All frames start and 
end with the flag sequence consisting of one 0 followed 
by six 1s followed by one 0. A packet consists of a 
Level-2 frame minus the flag bytes. The LSB is transmit- 
ted first for all bytes except the FCS. 


The flag preceding a packet is defined as the opening 
flag. Therefore, the byte following an opening flag, by 
definition, cannot be an abort or another flag. A closing 
flag is defined as a flag that terminates a packet. This 
flag can be followed by another flag(s), interframe fill 
consisting of all 1s or flags, or the address field of the 
next packet. In the latter case, the closing flag of one 
packet is the opening flag of the next packet. The DLC 
receiver can recognize interframe fill consisting of 
logical 1s or flags. The DLC transmitter follows the clos- 
ing flag with interframe fill consisting of all 1's (mark 
Idle) if DMR4 Bit 4 is set to a logical 0, or all 0’s (flag Idle) 
if DMR4 Bit 4 is set to a logical 1. CCITT I-series 
D-channel access protocol specifies use of mark Idle. 


When acollision is detected (mismatch of a D and E Bit), 
a complete frame must be retransmitted. For transfer 
across the S Interface, the S-interface frame structure is 
impressed upon the D-channel frame structure (LAPD). 


Zero Insertion/Deletion 


_ When transmitting, the DLC examines the frame con- 


tent between the opening and closing flags. To ensure 
that a flag sequence is not repeated within the flag 
boundaries of the frame, a logical 0 bit is automatically 
inserted after each sequence of five contiguous logical 
1s. When receiving, the DLC examines the frame 
content between the opening and closing flags and 
automatically discards the first logical 0 which directly 
follows five contiguous logical 1s. . 


D-Channel Address Recognition 


The address field, shown in Figure 5, allows for three 
types of addresses: 


1. 1-byte address signified by the LSB of the first 
address byte being set to a logical 1 


2. 2-byte address signified by the LSB of the first 
address byte being set to a logical 0, and the LSB of 
the second address byte being set to a logical 1 


3. More than 2-byte address signified by the LSB of 
both the first and second address bytes being set to 
a logical 0 
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Figure 5. Level-2 Frame Structure Formats 





In the case of the LAPD operating environments, the 
address is a 2-byte address where the first byte is analo- 
gous to the Service Access Point Identifier (SAPI) and 
the second byte is analogous to the Terminal 
Endpoint Identifier (TEl) as defined by the CCITT 
recommendations. 


The DLC is able to recognize D-channel addresses of all 
of the three types outlined above. Note that only the first 
two bytes of a more than 2-byte address can be checked 
by the DLC. There are four First Received Byte Address 


Registers (FRARs) which hold the values used to match 
against the first byte of the incoming address. Similarly, 
there are four Second Received Byte Address Registers 
(SRARs) which hold the values used to match against 
the second byte of the incoming address. 


FRAR4 defaults to FE hex; SRAR4 defaults to FF hex. 
This default is analogous to the broadcast address 
defined by the CCITT recommendations. The type of 
address recognition which is enabled is determined as 
follows: 








DMR4 DMR1 
Bit Bit Bits 
7 5 7 6 5 4 Type of address recognition 
0 1 X X X 1 FRAR1 First received byte-only address 
X X 1 X FRAR2 
X 1 X X FRAR3 
1 X X X FRAR4 
1 1 X X X 1 SRAR1 Second received byte-only address 
xX X 1 X SRAR2 
X 1 X X SRAR3 
1X X X SRAR4 
X 0 X X X 1 FRAR1:SRAR1 2-byte address 
X X 1 X FRAR2: SRAR2 
X 1 X X FRAR3: SRAR3 
1 X X X FRAR4: SRAR4 
X Xx 0 0 0 0 Address recognition disabled 
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If DMR4 Bit 6 is set to a logical 0, Bit 1 of the FRARs is 
ignored when matching the first incoming address byte. 
lf DMR4 Bit 6 is set to a logical 1, all bits of the FRARs 
are used when matching the first incoming address 
byte. FRAR Bit 1 is analogous to the C/R Bit defined by 
the CCITT recommendations. The address recognition 
mechanism for the four FRAR/SRAR addresses can be 
individually enabled/disabled via DMR1 bits 4—7. 


First Received Byte-Only Address Recognition 


lf DMR4 Bit 5 is set to a logical 1 and DMR4 Bit 7 is set to 
a logical 0, only the first byte of the incoming address is 
compared with the values stored in the enabled FRARs. 
An interrupt is generated if there is an address match 
and the “Valid Address” interrupt is enabled. If the 
address matches, the packet will be received. 


Second Received Byte-Only Address Recognition 


If DMR4 Bits 5 and 7 are set to a logical 1, the DLC com- 
pares only the value in the second byte of the incoming 
address with values stored in the enabled SRARs. An 
interrupt is generated if there is an address match and 
the “Valid Address” interrupt is enabled. If the address 
matches, the packet will be received. 


2-Byte Address Recognition 


If DMR4 Bit 5 is set to a logical 0, the first byte of the 
incoming address is compared with the values stored 
in the enabled FRARs, and the second byte of the in- 
coming address is compared with the value stored inthe 
corresponding SRAR. An interrupt is generated if a 
match is found for both incoming address bytes with 
a FRAR/SRAR pair and the “Valid Address” interrupt 
is enabled. If the address matches, the packet will be 
received. 


Disabling Address Recognition 


lf DMR1 Bits 4, 5, 6, and 7 are all set to logical 0, all 
address recognition is disabled and all addresses are 
recognized and received. In this case, the Am79C30A/ 
32A receives the first two bytes following the opening 
flag (the incoming address), and then issues an “End of 
Address” interrupt if the “End of Address” interrupt is 
enabled. 


DLC Operation 
DLC Transmit and Receive FIFOs 


The DLC Transmit and Receive FIFOs may be config- 
ured to the Normal or Extended mode of operation. 
Normal mode is fully backwards compatible with the 
Revision D or prior DSC circuit, and is activated upon 
RESET or if EFCR Bit 0 is programmed to logical 0. In 
Normal mode the Transmit and Receive FIFOs are each 
eight bytes in length. 


The Extended mode of FIFO operation may be activated 
by programming EFCR Bit Oto a logical 1, increasing the 
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depth of the Transmit and Receive FIFOs to 16 bytes 
and 32 bytes, respectively. The setting of EFCR Bit 0 to 
logical 1 also alters the available programmable FIFO 
threshold values set by DMR4 Bits 2 and 3. 


Receiving D-Channel Packets 


The receiver controls the flow of D-channel data to the 
D-Channel Receive Buffer and the termination of a 
receive packet. Up to two packets can be contained in 
the D-Channel Receive Buffer. 


After receiving an opening flag (a bit sequence of 
01111110) and one byte of data which is not an abort or 
flag onthe D Channel, the DLC sets the “Packet Recep- 
tion in Progress” status bit (Bit 2) in D-Channel Status 
Register 1 (DSR1). The DLC then receives the first two 
bytes (the two address bytes). If address recognition is 
enabled, the Am79C30A/32A issues a “Valid Address” 
interrupt if a match between the programmed values 
and the received address is detected. If no match is 
detected and address recognition is enabled, the DLC 
ignores the packet. If address recognition is disabled, 
the Am79C30A/32A receives the first two bytes, issues 
an “End of Address’ interrupt, and receives the packet. 
Botha “Valid Address” and an “End of Address’ interrupt 
set Interrupt Register Bit 2 to a logical 1 and Bit 0 of the 
D-Channel Status Register 1 (DSR1) to a logical 1. The 
‘Valid Address/End of Address” interrupt can be dis- 
abled via DMR3 Bit 0. There is an internal 3-byte 
delay which holds the first of the D-channel address 
bytes until the interrupt has been issued. Note that the 
incoming address bytes cannot be read however, until 
the “D-Channel Receive Byte Available” or “D-Channel 
Receive Threshold” interrupt is set. 


After the address is received, the DLC continues to 
receive D-channel bytes into the D-Channel Receive 
Buffer FIFO. The DLC issues an interrupt when data is 
available in the D-Channel Receive Buffer. This inter- 
rupt can be disabled by setting DMR3 Bit 3 to a logical 0. 
The DLC also issues an interrupt when the receive 
threshold set in DMR4 is reached. This interrupt can be 
disabled by programming a logical 0 into DMR1 Bit 1. By 
polling, the microprocessor can then read the D-channel 
bytes. The 3-byte delay incurred during address recog- 
nition is maintained. Therefore, the DLC receives the 
Frame Check Sequence (FCS) before issuing an inter- 
rupt to signal the last byte of the packet has been 
received and appropriate status bits have been up- 
dated. If DMR3 Bit 7 is set, the two FCS bytes at the end 
of the packet are transferred into the D-Channel 
Receive Buffer along with the data. 


The DLC issues an interrupt when the last byte of the 
packet is read from the DCRB. This interrupt can be 
disabled by setting DMR3 Bit 2 to a logical 0. 
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After the FCS is received, the DLC receiver detects the 
closing flag (a bit sequence of 01111110) and then 
terminates the packet by issuing an “End Of Receive 
Packet” interrupt (Bit 1 of DSR1) and returns to looking 
for opening flags. The DLC also terminates the packet 
when an abort, an overflow, or overrun error condition is 
detected. The “End Of Receive Packet” interrupt can be 
disabled by setting DMR1 Bit 3 to a logical 0. 


The D-Channel Receive Byte Count Register (DRCR) is 
a 16-bit wide, two-word deep FIFO which is used to re- 
cord the number of bytes in the incoming D-channel 
packets. Each count is terminated by an end-of-packet 
condition. Thus, the DRCR informs the microprocessor 
of the number of bytes, including the address bytes, 
which have been received. The counter is updated 
when the last byte of a packet is placed in the D-Channel 
Receive Buffer. When the FCS bytes are included in the 
data transferred to the D-Channel Receive Buffer, the 
FCS bytes are included in the byte count; if the FCS 
bytes are not included in the transfer, they are not in- 
cluded in the byte count. The opening flag and closing 
flag are not included in the byte count. 


The D-Channel Error and Address Status Registers are 
also double buffered. Reading the last byte of a packet 
causes the DER byte to propagate to the output of the 
FIFO and updates the D-Channel Status and Interrupt 
Registers accordingly. Reading the MSB of the DRCR 
causes the next count and associated ASR byte to 
propagate to the output of the FIFOs and updates the 
D-Channel Status and Interrupt Registers accordingly. 
For this reason it is important to read ASR, DER, and 
DSR1 prior to reading the DRCR. 


When a receive error occurs, an “End-of-Packet” inter- 
rupt is generated and the packet is terminated. When 
the last byte of the associated packet is read from the 
D-Channel Receive Buffer, the appropriate DER bits 
are set and an error interrupt is generated. All error 
interrupts can be individually masked by setting the 
corresponding bits in DMR2 to a logical 0. 


There is one 16-bit D-Channel Receive Byte Limit Reg- 
ister (DRLR). The received byte count is compared with 
the DRLR. When the byte count of the currently received 
D-channel packet exceeds the limit value, a receiver 
overflow is detected, the packet is terminated, and an 
“End-of-Packet” interrupt is issued. D-Channel Error 
Register (DER) Bit 4 is set to a logical 1 and an overflow 
interrupt issued when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. The 
“Overflow Error” interrupt can be masked by setting 
DMR2 Bit 4 to a logical 0. 


The minimum packet length is five bytes for a 2-byte 
address packet (not including flags). If the packet length 
is less than the above, an interrupt is issued and DER 
Bit 5 is set to a logical 1 when the last byte of the associ- 
ated packet is read from the D-Channel Receive Buffer. 
The error interrupt can be masked by setting DMR2 Bit5 
to a logical 0. 
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If packet reception is in progress and the D-Channel 
Receive Buffer is full, the microprocessor has a maxi- 
mum of 425 1s to respond to the D-Channel “Receive 
Data Available” interrupt. If the microprocessor fails to 
do so, then an overrun error occurs when the data byte 
is overwritten. When this happens, the packet is termi- 
nated. DER Bit 6 is set to a logical 1 when the last byte of 
the associated packet is read from the D-Channel Re- 
ceive Buffer. The “Overrun Error’ interrupt can be 
masked by setting DMR2 Bit 6 to logical 0. 


Error indication is given if two packets have been 
received and not serviced by the user and a third packet 
is received via DSR2 Bit 2. When this error occurs, the 
third packet is terminated (not received). 


Error indication is given for a receiver abort (the recep- 
tion of seven contiguous 1s) by DER Bit 0. 


If the number of bits received between two flags is not an 
integer multiple of eight (if the received packet does not 
contain an integral number of bytes), DER Bit 1 is set 
and an interrupt is generated when the last byte of the 
associated packet is read from the D-Channel Receive 
Buffer. 


The incoming bit stream (including FCS) is run through 
the FCS generation and compare block. Upon receipt of 
the closing flag, the result is checked and must be (MSB 
first) 0001110100001111. Any other pattern indicates 
anFCS error, and DER Bit 3 isset toa logical 1 whenthe 
last byte of the associated packet is read from the 
D-Channel Receive Buffer. 


The DLC receiver does not assume the packet to be 
byte-aligned. The architecture supports shared flags 
between packets, interframe fill consisting of logical 1s 
(Mark idle), and interframe fill consisting of flags (Flag 
idle). Mark idle is defined as at least 15 or more con- 
tiguous 1s. Flag idle is defined as more than two 
consecutive flag characters, not including a closing flag. 
DSR2 Bit 5 is set to a logical 1 while Mark idle is being 
detected. DSR2 Bit 6 is set to a logical 1 while Flag idle 
is being detected. The receiver D-channel packet can 
be aborted at any time during reception by setting INIT 
Bit 6. 


Transmitting D-Channel Packets 


The DLC Transmitter is activated as soon as the 
MSB (the second byte) of the 16-bit D-Channel Trans- 
mit Byte Count Register (DTCR) has been loaded by 
the microprocessor. 


Next, the LIU starts counting the number of consecutive 
1s on the E Channel until the number of 1s defined 
by the LIU priority mechanism is detected. After the 
sequence of 1s, the DLC transmitter will begin packet 
transmission. 
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Address bytes for a transmit packet can be handled in 


two ways: they can be loaded into the transmit buffer or 
loaded into the Transmit Address Register (TAR). 


There is one 16-bit TAR which can be loaded by the 
microprocessor. The bytes loaded into the TAR are 
transmitted LSB first followed by MSB. For LAPD op- 
eration, the LSB contains the SAPI, and the MSB 
contains TEI. This 16-bit address (loaded LSB first) is 
transmitted within the address field of the D-channel 
packet if enabled by setting DMR1 Bit 2 to a logical 1. 
If the TAR is enabled, the DTCR should be loaded with 
the number of bytes to be transmitted excluding the 
address, flags, and FCS. If the TAR is disabled, 
the DTCR should be loaded with the number of bytes to 
be transmitted excluding the flags and FCS, and the 
microprocessor must load the address to be transmitted 
as the first two bytes of the D-channel packet data. 


The DLC issues an interrupt when a position is avail- 
able in the D-Channel Transmit Buffer. This interrupt 
can be disabled by setting DMR3 Bit 5 toa logical 0. The 
DLC also issues an interrupt to the microprocessor to 
request D-channel data bytes when the D-Channel 
Transmit Buffer empties to the threshold specified in 
the D-Channel FIFO Mode Register. This interrupt can 
be disabled by setting DMR1 Bit 0 to a logical 0. 


Ifthe D-Channel Transmit Buffer is empty, the micropro- 
cessor has up to 375 us to respond to the D-channel 
transmit buffer interrupt. If the microprocessor fails to 
load the data bytes in this time frame, an underrun inter- 
rupt is generated in DER Bit 7, and packet transmission 
is terminated with a transmitted abort. The “Underrun” 
interrupt can be masked by setting DMR2 Bit 7 to a logi- 
cal0. Transmission is also terminated when a collision is 
detected or LIU loss of synchronization occurs. 


The D-Channel Transmit Byte Count Register is decre- 
mented each time a byte of data is transferred from the 
D-Channel Transmit Buffer to the DLC. The count re- 
presents the number of bytes left to be transferred, 
excluding the FCS and flags. If the transmit abort bit 
(INIT Bit 7) is set, the transmit byte count is frozen and 
indicates the number of bytes left to transfer, not the 
number of bytes transmitted. The last byte of the packet 
is determined by the D-Channel Transmit Byte Count 
decrementing to zero. When this occurs, DSR2 Bit 3 is 
set to a logical 1. 


After the last byte of the packet is transmitted, the DLC 
adds the FCS and closing flag. Then the DLC issues an 
interrupt (Bit 6 of DSR1) to signify the end of the packet 
transmission. This interrupt can be masked by setting 
DMR3 Bit 1 to a logical 0, and is reset either by reading 
DSR1 or when the D-Channel Transmit Byte Count 
Register is loaded for the next packet. 


Once the D-Channel Transmit Byte Count has decre- 
mented to 0, a second packet may be loaded into the 
D-Channel Transmit FIFO. If the MSB of the D-Channel 
Transmit Byte Count Register is loaded prior to the 


“end-of-transmit packet” interrupt, the second packet 
is transmitted back-to-back with the previous packet. 
The “End-of-Transmit Packet’ interrupt is not set be- 
tween the two packets. If the MSB of the D-Channel 
Transmit Byte Count Register is loaded after the “end- 
of-packet” interrupt, the second packet is transmitted 
once the LIU priority mechanism has been re-satisfied. 


Collision Detection 


The Network Terminator echoes the transmitted 
D-channel data back to the DLC in the E-channel bits 
of the S-interface frame. If there is a difference between 
the data transmitted and the data echoed back, a colli- 
sion has occurred. The DLC alerts the microprocessor 
to this event by asserting the interrupt line (INT) and 
setting DER Bit 2. If a collision occurs during the trans- 
mission of an abort sequence, the interrupt is still 
issued. The collision detect interrupt can be masked by 
setting DMR2 Bit 2 to a logical 0. 


D-Channel Receive and Transmit Errors 
Non-Integer Number of Bytes 


Anon-integer number of bytes occurs when the number 
of D-channel bits received between opening andclosing 
flags is not divisible by eight. If a received packet con- 
sists of a non-integer number of bytes, the DLC sets Bit 
1 in the D-Channel Error Register (DER) to a logical 1 
when the last byte of the associated packet is read from 
the D-Channel Receive Buffer. 


- Frame Check Sequence Error 


If a received packet, including its 16-bit Frame Check 
Sequence, is not received perfectly, the DLC sets DER 
Bit 3 to a logical 1 when the last byte of the associated 
packet is read from the Receive Buffer. 


Receive Packet Abort 


If seven contiguous 1s are received while receiving a 
packet, the packet will be terminated. DER Bit 0 will be 
set to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 


Overflow 


Overflow occurs when the total number of D-channel 
bytes within a packet (including, only when enabled, the 
Frame Check Sequence bytes) exceeds the limit con- 
tained in the D-Channel Receive Byte Limit Register. 
(See Receiving D-Channel Packets section.) When this 
occurs, the DLC terminates the packet, and sets DER 
Bit 4 to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 


Underflow 


lf a received D-channel (including FCS) packet is 
less than five bytes for a 2-byte address packet, an 
underflow error condition occurs, andthe DLC sets DER 
Bit 5 to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 
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Overrun 


A D-channel overrun error occurs when the receiver 
buffer is full, and another byte is received. This can hap- 
pen if the D-Channel Receive Buffer fills, and is not read 
within 425 js. When this error occurs, the DLC sets 
DER Bit 6 to a logical 1 and terminates the packet. 


Underrun 


A D-channel underrun error occurs when an empty 
D-channel buffer is transmitted. This can happen if the 
D-Channel Transmit Buffer is not loaded within 375 ps 
of the D-Channel “Transmit Buffer Empty” interrupt 


DLC Registers 


The DLC contains the following registers: 
Registers 


First Received Byte Address Registers 
Second Received Byte Address Registers 
Transmit Address Register (16-bit) 

D-Channel Receive Byte Limit Register (16-bit) 


D-Channel Receive Byte Count Register (16-bit) (2-word FIFO) 


D-Channel Transmit Byte Count Register (16-bit) 
Random Number Generator Registers 
D-Channel! Mode Registers 

Address Status Register (2-byte FIFO) 

Extended FIFO Control Register 

D-Channel Transmit Buffer Register 

D-Channel Receive Buffer Register 
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being asserted (IR Bit 0). When this error occurs, the 
DLC sets DER Bit 7 to a logical 1 and terminates the 
packet. 
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Receive Packet Lost 


“Receive Packet Lost’ occurs when two outstanding 
packets have been received and not serviced (the 
microprocessor has not read the DRCB register), and 
a third packet is received. When this error occurs, DSR2 
Bit 2 is set to a logical 1 and the incoming packet is 
terminated (not received). 


Mnemonic 


FRAR 
SRAR 
TAR 
DRLR 
DRCR 
DTCR 
RNGR 
DMR 
ASR 
EFCR 
DCTB 
DCRB 


No./ Registers 


J wart ANDH HHH hs 


There are three other read-only accessible registers associated with the DLC: 


D-Channel Status Registers (DSR1 and DSR2) 
D-Channel Error Register (DER) (2-byte FIFO) 


Transmit Address Register — (TAR) — Read/Write 
Address = Indirect 83H 


This register contains the address of the packet to be transmitted if the TAR bit is enabled (DMR1 Bit 2). 


First Received Byte Address Register — (FRAR1—FRAR4)— Read/Write 


Address = Indirect FRAR1—FRARS3 = 81H, FRAR4 =8CH 


These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4—7 are 


disabled, these registers will be ignored. 


Second Received Byte Address Register —(SRAR1—SRAR4)— Read/Write 


Address = Indirect SRAR1-SRAR3 = 82H, SRAR4 =8DH 


These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4-7 are dis- | 


abled, these registers will be ignored. 


D-Channel Receive Byte Count Register — (DRCR) — Read 


Address = Indirect 89H 


This register determines the maximum number of bytes in a received packet. 
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D-Channel Receive Byte Limit Register —(DRLR) — Read/Write 
Address =Indirect 84H 

This register contains the total number of received bytes. 

D-Channel Transmit Byte Count Register — (DTCR) — Read/Write 
Address = Indirect 85H 

This register contains the total number of transferred bytes. 

Random Number Generator Register — (RNGR1, RNGR2)— Read/Write 
Address = Indirect RNGR1 =8AH, RNGR2 =8BH 


These registers control the operation of the Random Number Generator. When read, they display the random number 
generated by the chip. 


D-Channel Transmit Buffer Register —(DCTB) — Write 
D-Channel transmit FIFO. 


D-Channel Receive Buffer Register —(DCRB) — Read 
D-Channel receive FIFO. 

D-Channel Mode Register 1— (DMR1) — Read/Write 
Address = Indirect 86H 


DMR1 controls the enable/disable options for the DLC. It is under sole control of the microprocessor, and does not 
generate any interrupts. DMR1 is defined below. 


Bit Logical 1 Logical 0 
0 Enable “D-channel Transmit Threshold” interrupt (see IR Bit 0) Disable interrupt (default value) 
1 Enable “D-channel Receive Threshold’ interrupt (see IR Bit 1) Disable interrupt (default value) 
2 __ Enable Transmit Address Register Disable Transmit Address Register (default value) 
3 Enable “End of Receive Packet” interrupt (see DSR1 Bit 1) Disable interrupt (default value) 
4 Enable FRAR1/SRAR1 Disable FRAR1/SRAR1 (default value) 
5 Enable FRAR2/SRAR2 Disable FRAR2/SRAR2 (default value) 
6 Enable FRAR3/SRAR3 Disable FRAR3/SRARS (default value) 
7 Enable FRAR4/SRAR4 Disable FRAR4/SRAR4 


D-Channel Mode Register 2— (DMR2)— Read/Write 
Address = Indirect 87H 


DMR2 is used to enable/disable the interrupts generated in the DER (see DER definition on page 41). DMR2 is 
controlled by the microprocessor, and does not generate interrupts. DMR2 is defined below. 


Bit Logical 1- Logical 0 (default value) 
0 Enable “Receive Abort” interrupt (see DER Bit 0) Disable interrupt 

1 Enable “Non-integer Number of Bytes Received” interrupt (see DER Bit 1) Disable interrupt 

2 Enable “Collision Abort Detected” interrupt (see DER Bit 2) Disable interrupt 

3 Enable “FCS Error” interrupt (see DER Bit 3) Disable interrupt 

4 Enable “Overflow Error” interrupt (see DER Bit 4) Disable interrupt 

5 Enable “Underflow Error’ interrupt (see DER Bit 5) Disable interrupt 

6 Enable “Overrun Error” interrupt (see DER Bit 6) Disable interrupt 

7 Enable “Underrun Error” interrupt (see DER Bit 7) Disable interrupt 
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D-Channel Mode Register 3— (DMR3) — Read/Write 
Address = Indirect 8EH 


wo 
hoard 


Logical 1 


Enable “Valid Address/End of Address” interrupt (default value)(see DSR1 Bit 0) 
Enable “End of Valid Transmit Packet” interrupt (default value)(see DSR1 Bit 6) 
Enable “Last Byte of Received Packet” interrupt (see DSR2 Bit 0) 

Enable “Receive Byte Available” interrupt (see DSR2 Bit 1) 

Enable “Last Byte Transmitted” interrupt (see DSR2 Bit 3) 

Enable “Transmit Buffer Available” interrupt (see DSR2 Bit 4) 

Enable “Received Packet Lost” interrupt (see DSR2 Bit 2) 

Enable FCS transfer to FIFO 


NOOO ff ODM =| © 


D-Channel Mode Register 4— (DMR4) — Read/Write 
Address = Indirect 8FH 
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Logical 0 


Disable interrupt 

Disable interrupt 

Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable FCS transfer to FIFO 
(default value) 


Bit 

76543210 Control Function 
XXXXXKXO00 Receiver Threshold 1 byte (EFCR Bit 0=0) 

1 byte (EFCR Bit 0=1) 
XX XXX XO 1 2 bytes (EFCR Bit 0=0) 

16 bytes (EFCR Bit 0=1) 
XXXXXX10 4 bytes (EFCR Bit 0=0) 

24 bytes (EFCR Bit 0=1) 
XXXXXX11 8 bytes (EFCR Bit 0 =0) 

30 bytes (EFCR Bit 0=1) 
XXXXO00 X X Transmitter Threshold 1 byte (EFCR Bit 0=0) 

1 byte (EFCR Bit 0=1) 
XXXXO01XX 2 bytes (EFCR Bit 0=0) 

6 bytes (EFCR Bit 0 = 1) 
XXXX10X X 4 bytes (EFCR Bit 0 =0) 

10 bytes (EFCR Bit 0=1) 
XXXX11X xX 8 bytes (EFCR Bit 0 =0) 

14 bytes (EFCR Bit 1=1) 
XXX0OX XX X Interframe Fill Mark Idle (default value) 
XXX1XX XX Flag Idle 
XXOX XXX X Address Recognition 2-byte (default value) 
OX1XXX XX First Received Byte only 
1X1XXX XX Second Received Byte only 
XOXXXXXX C/R Bit Compare Disable FRAR Bit 1 compare (default value) 
X 1X XX X X X Enable FRAR Bit 1 compare 





Note: The receiver and transmitter thresholds can only be changed when the Am79C30A/32A is in Idle Mode. 
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Address Status Register —(ASR)— Read Only 


Address =Indirect 91H 


D-Channel Status Register 1—(DSR1)— Read Only 


Logical 1 


FRAR1/SRAR1 address recognized 
FRAR2/SRAR2 address recognized 
FRAR3/SRAR3 address recognized 
FRAR4/SRAR4 address recognized 
Reserved 


DSR has the following format: 


Bit 


NOOR OND = 


Logical 1 


PRELIMINARY 


Logical 0 (default value) 


No FRAR1/SRAR1 address match 
No FRAR2/SRAR2 address match 
No FRAR3/SRAR3 address match 
No FRAR4/SRAR4 address match 
Reserved 


Logical 0 (default value) 


Valid Address (VA) if the address decode logic is enabled or No valid address 
End-of-Address (EOA) if the address decode logic is disabled 


End of receive packet 

Packet reception in progress 

Loopback in operation at Am79C30A/32A 
Loopback in operation at LIU 

D-channel back-off not in operation 

End of valid transmit packet 

Current transmit packet has been aborted 


Not end of packet 
Packet not being received 
No loopback in operation at Am79C30A/32A 
No loopback in operation at LIU 
D-channel back-off in operation 

- No end-of-transmit packet or no transmission 
No transmit packet abort 


The DSRi1 bits generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset 





or Idle Mode): 
Bit Generate Interrupt Bit Set Bit Reset 
0 Yes, if DMR3 Bit O=1 Two bytes after an opening flag if a VA is When the microprocessor reads 
decoded or address recognition is disabled DSR1 or associated DRCR 
1 Yes, if DMR1 Bit 3=1 When a closing flag is received When the microprocessor reads 
DSR1 or associated DRCR 
2 No One byte after the opening flag of any packet, When a flag or an abort is received 
valid or not 
3 No When the operation is in progress When the operation is not in progress 
4 No When the operation is in progress When the operation is not in progress 
5 No When the operation is in progress When the operation is not in progress 
6 Yes, if DMR3 Bit 1=1 When the closing flag is transmitted When the microprocessor reads DSR1 or 
when DTCR is loaded 
7 No . When seven 1s and a 0 have been transmitted © When the microprocessor reads DSR1 or 
when DTCR is loaded 
3-42 Am79C30A Data Sheet 


PRELIMINARY 


D-Channel Status Register 2—(DSR2) — Read Only 
DSR2 has the following format: 


Bit 


NOoh © NM = © 


Logical 1 


Last byte of received packet 
Receive byte available 


Receive packet lost 


Last byte transmitted 

Transmit buffer available 

Mark idle detected (15 or more contiguous 1s) 

Flag idle detected (more than two contiguous flags) 
Start of second received packet in FIFO 
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Logical 0 (default value) 


Not last byte of received packet 


Receive byte not available 
Receive packet not lost 
Last byte not transmitted 


Transmit buffer not available* 
Mark idle not detected 

Flag idle not detected 

Second packet not yet in FIFO 


*Following RESET, the Transmit Buffer Available (Bit 4) is set, producing a default value of 10H instead of OOH. 


The DSR2 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or 


Idle Mode): 

Bit Generate Interrupt 
0 Yes, if DMR3 Bit 2=1 
1 ‘Yes, if DMR3 Bit 3=1 
2 Yes, if DMR3 Bit 6=1 
3 Yes, if DMR3 bit 4=1 
4 Yes, if DMR3 Bit 5=1 
5 No 
6 No 
7 Yes, if EFCR Bit 1=1 


Bit Set 


When last byte of a received packet is read 
from the DCRB 


When DCREB contains one or more bytes of data 


When two outstanding packets are received 
and not serviced, and a third packet is received 


When the last byte of a transmit packet is 
transferred from the DCTB 


When the DCTB is available to be loaded with a 
data byte 


When 15 contiguous one bits have been detected 
in the incoming D Channel 


When more than two contiguous flags are 
detected on the incoming D Channels not 
including a closing flag 


When start of second packet is in the 
receive FIFO 


Bit Reset 

When the microprocessor reads the 
DSR2 

When DCRB is empty 

When the microprocessor reads DSR2 


When the microprocessor reads DSR2 
When the DCTB is full 

When the first zero bit is detected on 
the incoming D Channel 

When a non-flag character is detected 


on the incoming D Channel 


When second receive packet is not 
present 
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D-Channel Error Register — (DER)— Read Only 
The DER has the following format: 


Bit Logical 1 Logical 0 (default value) 

0 Received Packet Abort No abort received 

1 Non-integer number of bytes have been received Integer number of bytes received 
2 Collision Detected No error 

3 FCS Error No error 

4 Overflow Error No error 

5 _Underflow Error No error 

6 Overrun Error No error 

7 Underrun Error No error 


The DER bits generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset): 


Bit Generates Interrupt Bit Set Bit Reset 
0 Yes, if DMR2 Bit O=1 When seven consecutive 1s are received When the microprocessor reads the DER 
within a packet (DSR1 Bit2=1) © : or associated DRCR 
1 Yes, if DMR2 Bit 1=1 Upon error condition after closing flag When the microprocessor reads the DER 
has been received or associated DRCR 
2 Yes, if DMR2 Bit 2=1 See section on collision detection When the microprocessor reads the DER or 
when DTCR is loaded 
3 Yes, if DMR2 Bit 3=1 If error occurs When the microprocessor reads the DER or 
associated DRCR 
4 Yes, if DMR2 Bit 4=1 If error occurs When the microprocessor reads the DER 
or associated DRCR 
5 Yes, if DMR2 Bit 5=1 If error occurs When the microprocessor reads the DER 
or associated DRCR 
6 Yes, if DMR2 Bit 6=1 If error occurs When the microprocessor reads the DER 
: or associated DACR 
7 Yes, if DMR2 Bit 7=1 If error occurs When the microprocessor reads the DER 


or when DTCR is loaded 


DER Bits 0, 1, 3, 4, 5, and 6 are set when the last byte of the associated packet is read from the D-Channel Receive 
Buffer. 


Extended FIFO Control Register —(EFCR)— Read/Write 
Address = Indirect 92H 





Bit 
76543210 Function 
000000 XX Bits 2-7 reserved, must be written to 0 
0000000 X “Start of Second Received Packet In FIFO” interrupt disabled 
0000001 xX “Start of Second Received Packet In FIFO” interrupt enabled 
000000X0 Normal mode of FIFO operation 
000000X1 Extended mode of FIFO operation 
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Peripheral Port (PP) 


Overview 


The purpose of the Peripheral Port is to allow external 
peripherals to be connected to the DSC/IDC circuit. 
There are two basic modes of operation, Serial Bus Port 
Mode, and IOM 2 Terminal Mode. Within IOM 2 Termi- 
nal Mode, the DSC/IDC circuit may be configured as 
either an OM 2 timing master or slave. The definition of 
the Peripheral Port pins depends onthe operating mode 
of the port, as described in Table 8. 


Serial Bus Port (SBP) Mode 


The SBP Mode of operation is backwards compatible 
with the Revision D DSC circuit serial port, and is en- 
tered either following a device RESET or if programmed 
in PPCR1. 


In SBP Mode, the SCLK output provides a 192-kHz 1X 
data clock of programmable polarity. The SBIN and 
SBOUT pins support three 8-bit serial data channels, 
designated Bd, Be, and Bf. The SFS output provides an 
8-kHz serial frame sync pulse eight bit periods in width, 
coincident with the Bd channel. The SBP Mode timing is 
illustrated in Figure 6. 


Following a RESET, the SCLK and SFS outputs will 
default to a high-impedance state, which will be 
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maintained until any MUX connection is programmed 
(or until the Peripheral Port is programmed to an IOM 2 
Mode). SCLK and SFS will remain in a high-impedance 
state if the Peripheral Port is explicitly disabled. The 
SCLK and SFS signals are synchronized to the received 
S-interface frame. If there is no S-interface frame 
synchronization, the SCLK and SFS signals will free- 
run at 192 kHz and 8 kHz respectively. 


If the DSC/IDC circuit is programmed to Idle Mode, the 
SFS output is driven Low but SCLK continues to run. In 
Power-Down Mode, both the SFS and SCLK outputs 
are high-impedance. 


IOM 2 Terminal Mode Overview 


The !OM 2 Interface standard encompasses both a 
Linecard Mode and a Terminal Mode. The Terminal — 
Mode was defined to provide four functions, as follows: 


1. Connection of multiple Layer-2 devices to a Layer-1 
device (in this case, the Layer-1 device is the S/T 
Interface LIU). Provision for the connection of 
non-IOM 2 devices is included. 


2. Programming and control of Layer-1 or Layer-2 
devices that do not have a microprocessor interface, 
for example, a U-interface transceiver. 


Table 8. Pin Operation versus Peripheral Port Modes 


Port IOM2M 
Pin SBP On Disabled Activated 
SBIN IN Z IN 
SBOUT OUT Z oD 
SCLK OUT Z OUT 
SFS OUT Z OUT 
BCL/ICH2STRB OUT Z OUT 
IN = Input OUT = Output Z = High Impedance 


1IOM2M IOM 2 S* 10M 2 S* 
Deactivated Activated Deactivated 
IN IN/OD OD 

Z OD/IN Zz 

Low IN IN 

Low IN IN 

Low Z Z 


OD = Open Drain Output 


*The Am79C30A is a non-Layer 1 component when operated in the slave mode; however, it has a microprocessor interface. As a result, itis 
required to change the direction of its I/O pins at certain times in order to communicate with both the upstream Layer-1 device and any down- 
stream peripheral devices. In the IOM 2 Slave Mode, the direction of data flow is reversed with respect to the DSC circuit during Sub-frame 0 
and during the deactivated state. The rule is that the upstream Layer-1 device only uses Sub-frame 0 and does not reverse its pins. Any non- 
Layer 1 component that does not contain a microprocessor interface (i.e., program by the DSC circuit over the Monitor Channel in Sub-frame 1) 
uses Sub-frame 0 to talk to the Layer-1 device and Sub-frame 1 to talk to the DSC circuit. It does not reverse its pins. 


—>| (ke 5.25 


LSB 
KAAAKK SAKA AAA XA AAA AA LX) 


D7 D6 D5 D4 D3 D2 Di DO D7 Dé DS D4 D3 D2 D1 DO D7 D6 D5 D4 DS D2 Di DO 


SCLK » | 
192 kHz 
SBIN or 
SBOUT 
}¢—————-. py 
SFS 


Be ————_>«—_—_- 5 


41.7 
> oo 125 us | 


Note: SBIN is sampled on the rising edge of SCLK, SBOUT is changed on the falling edge of SCLK. 
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Figure 6. Serial Bus Port Mode Timing 
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. Inter-chip communication between devices on the 
bus, for instance, data flow between the DSC circuit 
MAP and an external speech encryption device. 


4. Connection of multiple DLCs to the D Channel, 
including access arbitration. This function is referred 
to as the TIC Channel and is not applicable to the 
DSC circuit environment. 


Asubset ofthe first three functions is implemented in the 
Revision E DSC circuit. The fourth, referred to as the 
TIC Channel, will not be implemented since it is not 
useful in the DSC circuit environment. 


The IOM 2 Terminal Mode bus consists of three IOM 2 
subframes, each containing 32 bits. This 12-byte frame 
is repeated at 8 kHz, resulting in an aggregate data rate 
of 768 kb/s. The frame structure is illustrated in Figure 7, 
and contains the following channels: 


e Two 64-kb/s data channels, labeled B1 and B2. 


e Two device programming channels, labeled Monitor 
0 and 1. Each channel has an associated pair of MX 
and MR handshake bits that control data flow. 


e One 16-kb/s D Channel for signaling and data 
packets. 


e Two Command/Indicate channels, labeled C/lo, and 
C/l1, to provide status and command for devices 
connected via the monitor channels. The 
Command/Indicate Channel in the first IOM 2 
subframe consists of four bits, providing 16 states in 
each direction. In the second subframe the C/I 
Channel is 6 bits, providing 64 states in each 
direction. 


e Two 64-kb/s intercommunication channels, labeled 
IC1 and |IC2, to provide additional interdevice 
communications bandwidth. 


All data transmitted on the IOM 2 Interface via the 
SBOUT pin is transmitted MSB first, with the exception 
of D-channel data, which is transmitted LSB first. The 
receiver operates in a compatible way via the SBIN pin. 
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DSC/IDC Circuit IOM 2 Terminal Mode 
Implementation 


Data Channels 


The B1 and B2 Channels are physically the first two 8-bit 
time slots after the frame sync pulse. When making a © 
MUX connection to these channels, IOM 2 Channels B1 

and B2 correspond to MUX Channels Bd and Be,,. 
respectively. When in an 1OM 2 Mode, a MUX connec- 
tion to Channel Bf provides access to one of the two 
intercommunication channels, as selected in PPCR1. 


Command/indicate Channels 


The Peripheral Port supports the C/I Channels of the 
first and second IOM 2 subframes.The Peripheral Port 
monitors these two channels, and generates an inter- 
rupt any time the received data changes and is stable for 
two frames. The received data is read from C/I Receive 
Data Register 0 or 1, and C/I transmit data is written to 
C/l Transmit Data Register 0 or 1. 


D Channel 


lf the Peripheral Port is configured as IOM 2 master, the 
DLC will transmit and receive D-channel data to and 
from the S Interface through the LIU. The D-channel 
data received from the S Interface is also output on the 
IOM 2 Interface. D-channel data received from the IOM 
2 Interface is disregarded. 


If the Peripheral Port is configured as IOM 2 slave, the 
DLC will transmit and receive D-channel data to and 
from the IOM 2 Interface. The LIU is not used in this 
situation, so there is no D-channel data flow between 
the DLC and LIU. 


Monitor Channels 


Support for the two Monitor Channels is provided on a 
one-at-a-time basis. A bit in Peripheral Port Control 
Register 1 selects which one of the two Monitor Chan- 
nels is utilized at any time. 


Pee i ae eee ee ee eee! 


wy MR,MX 
SBIN/ 





SBOUT 


IOM Channel 0 


ele fodfelll elefed lll | 1 rel 


IOM Channel 1 


wy MR,MX 


IOM Channel 2 
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Figure 7. [OM 2 Terminal Mode Frame Structure 
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Monitor Channel Procedures 


The Monitor Channel operates on an event-driven 
basis; although data transfers on the bus are synchro- 
nized to the frame sync, the flow of data is controlled 
by a handshake procedure using the outgoing MX and 
incoming MR bits. Thus, the actual data rate is not fixed, 
but is dependent upon the response speed of transmit- 
ter and receiver. Figure 8 illustrates the sequence of 
events in the monitor handshake procedure. 


Idle State 


The outgoing MX and incoming MR bits held inactive for 
two or more frames indicates that the Monitor Channel 
is Idle in the outgoing direction. 


Start of Transmission 


The PPCR1 register is programmed to select one of the 
two monitor channels. Data is then loaded into the moni- 
tor Transmit Data Register, causing the first data byte to 
be presented to the bus as well as an inactive-to-active 
transition of outgoing MX. The Monitor Channel transmit 
buffer available interrupt is also generated when data 
is placed on the bus, indicating that the next data byte 
may be written to the buffer. Outgoing MX remains 
active, and the data is repeated until an inactive-to- 
active transition of the incoming MR is received. 


. Subsequent Transmission 


Following detection of the first inactive-to-active transi- 
tion of incoming MR, all following bytes to be transmitted 
will be presented to the bus coincident with an active- 
to-inactive transition of outgoing MX. The IOM 2 
specification defines a general case (Figure 8a) in 
which the transmitter waits for an inactive-to-active 
transition of incoming MR, and a maximum speed case 
(Figure 8c) in which the transmitter achieves a higher 
transmission rate by anticipating the falling edge of 
incoming MR. 


The DSC/IDC circuit Monitor Channel transmitter 
implements the maximum speed case as follows: the 
second byte is placed onto the bus at the start of 
the frame following the transition of incoming MR (High 
to Low), and a Monitor Channel transmit buffer available 
interrupt is generated. Simultaneously, outgoing MX is 
returned inactive for one frame, then reactivated. Note 
that two frames of outgoing MX inactive signifies the end 
of a message. Outgoing MX and the data byte remain 
valid until incoming MR goes inactive. The next byte is 
transmitted during the next frame, meaning one frame 
after incoming MR goes inactive. In this manner, the 
transmitter is anticipating incoming MR returning active, 
which it will do one frame time after it is deactivated, 
unless an abort is signaled from the receiver. After 


amp 


the last byte of data has been transmitted, indicated 
by the Monitor Transmit Data Register being empty and 
the end-of-transmission (EOM) bit being set in PPCR1, 
outgoing MX is deactivated in response to incoming MR 
going inactive, and left inactive. 


First Byte Reception 


At the time the receiver sees the first byte, indicated by 
the inactive-to-active transition of incoming MX, out- 
going MR is by definition inactive. Outgoing MR is 


‘activated in response to the activation of incoming MX, 


the data byte on the bus is loaded into the Monitor 
Receive Data Register, and a Monitor Channel receive 
data available interrupt is generated. Outgoing MR 
remains active until the next byte is received or an end- 
of-message is detected (incoming MX held inactive for 
two or more frames). 


Subsequent Reception 


Data is received into the buffer on each falling edge of 
incoming MX, and a Monitor Channel receive data 
available interrupt is generated. Note that the data was 
actually valid at the time incoming MX became inactive, 
one frame prior to becoming active. Outgoing MR is 
deactivated at the time data is read, and reactivated 
one frame later. The reception of data is terminated by 
reception of an end-of-message indication, which is 
incoming MX remaining inactive for two or more frames. 


End-of-Transmission (EOM) 
The transmitter sends an EOM in response to the EOM 


. request bit being set in PPCR1. Once the EOM bitis set, 


the EOM is transmitted as soon as the Monitor Transmit 
Data Register becomes empty. This is normally done 
when the last byte of a message has been transmitted. 
The DSC/IDC circuit transmits an EOM simply by not 
reactivating MX after deactivating it in response to MR 
going inactive. The EOM request bit in PPCR1 is auto- 
matically cleared when the EOM has been transmitted, 
indicating that the monitor transmitter is available for a 
new message. 


Abort 


An abort is a signal from the receiver to the transmitter 
indicating that data has been missed. The receiver 
sends an abort by holding MR inactive for two or more 
frames in response to MX going active. An interrupt is 
generated when an abort is received. 


Flow Control 


The transmitter is held off untilthe Monitor Receive Data 
Register is read, since MR is held active until the receive 
byte is read. The transmitter will not start the next 
transmission cycle until] MR goes inactive. 
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Figure 8. Monitor Handshake Timing 
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OM 2 Activation/Deactivation 


The IOM 2 Interface includes an activation/deactivation 
capability (see Figure 9). Activation and deactivation 
can be initiated from either upstream or downstream 
components on the bus. When deactivated, the 
upstream device holds all the clock outputs Low, and 
the downstream devices force their open drain data 
outputs to a High-Z state (seen as a High on the system 
bus due to the external pullup resistor). The activation/ 
deactivation procedure is a combination of software 
handshakes via the C/I Channel, and hardware in- 
dications via the clock and data lines. The IOM 2 speci- 
fication describes both the hardware and software 
protocols in detail; the hardware operation supported 
by the Am79C30A IOM 2 implementation is outlined 
below. 


SBIN goes Low 
Timing Request Interrupt generated 











Software clears 
Activation bit 


clk pend 
(clks off) 





Software sets 
Activation Bit 


Idle 
(clks off) 







ACTIVE 
(clks on) 
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DSC/IDC Circuit as Upstream Device (Clock Master) 
Deactivation 


Deactivation of the l|OM 2 Interface from the Am79C30A 
operating as an upstream device is initiated and con- 
trolled by the microprocessor. A series of software 
handshakes via the C/I Channel must be performed 
before the hardware deactivation can take place. The 
upstream device must issue a deactivation request 
command on the C/I Channel and wait for a deactiva- 
tion indication from all downstream units. Once this is 
received, a deactivation confirmation command must be 
sent on the C/I Channel by the upstream device. The 
upstream device will then stop all clocks and hold them 
Low. On the Am79C30A, the IOM 2 clocks (SCLK, 
SFS, and BCL/CH2STRB) are stopped and forced Low 






Software sets 
Activation bit 


Am79C30A as Upstream Device 






Software sets Activation bit 
SBIN output forced Low 


(SBIN=0) 
(clks off) 


Clock received from 
upstream; Timing Request 
interrupt generated 








(SBIN=0) 
(clks on) 


Software clears Activation bit 


Idle 
(clks off) 
(SBIN=Z) 


ACTIVE 
(clks on) 
SBIN=data 









SBIN output forced to Z 









Timeout 
(clks off) 










Clocks stopped by upstream device 






Am79C30A as Downstream Device 


Note: This diagram shows only the portions of the IOM 2 activation/deactivation procedures that 


are affected by the Am79C30A hardware.The C/l-channel software handshakes are not shown, 
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Figure 9. 1OM 2 Activation/Deactivation 
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when the microprocessor clears the activation/deactiva- 
tion bit in the Peripheral Port Control Register Number 1 
(PPCR1). When this bit is cleared, the data output pin 
(SBOUT) is also forced to High-Z (seen as a High on the 
system bus due to the external pullup resistor), and the 
Am79C30A begins monitoring the data input pin (SBIN) 
for the presence of a timing request from any down- 
stream units. 


Activation 


Activation can be initiated locally by the processor or 
remotely by one of the downstream units. To activate 
locally, the processor sets the activation/deactivation bit 
in PPCR1 (starting the clocks), and then proceeds 
through the software activation protocol on the C/I 
Channel. For remote activation, the upstream device re- 
ceives a request from the downstream device via the 
data input pin. When the data input pin (SBIN) goes 
Low, Am79C30A will generate an IOM 2 timing-request 
interrupt, Bit 6 in the Peripheral Port Status Register 
(PPSR). The processor must respond to this interrupt, 
and restart the IOM 2 clocks by setting the activation/de- 
activation bit in PPCR1. Once the clocks are running, 
the downstream device can request full activation via 
the C/I Channel using the IOM 2 software protocol. 


DSC/IDC Circuit as a Downstream Device 
(Clock Slave) 


Deactivation 


Deactivation is normally initiated by the upstream 
device as described above. When the deactivation 
request is received by the downstream device over the 
C/i Channel, the processor must respond by sending 
the deactivation indication over the C/I Channel. The 
upstream device will then send the deactivation confir- 
mation command over the C/I Channel and stop the 
IOM 2 clocks. The Am79C30A will detect that the clock 
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has stopped (defined as no clock pulse received for 
650 ns) and force itself to the deactivated state. In the 
deactivated state, SBIN, and SBOUT are both forced 
to a High-Z state, and the SCLK input is monitored 
for any rising edge that would indicate an activation 
request from the upstream device. 


Activation 


Once again, activation can originate from either the 
upstream or the downstream device. To activate the 
interface from the downstream device, the processor 
sets the activation/deactivation bit in the PPCR1 regis- 
ter. This will force the Am79C30A to pull its data output 
pin (SBIN in this case, since the I/O pin definition is 
reversed when talking to the upstream device) Low, 
causing the upstream device to start the IOM 2 clocks. 
Once the clocks are running, as indicated by SCLK input 
going High, the Am79C30A will generate an IOM 2 
timing request interrupt (Bit 6 in PPSR). The processor 
must respond to the interrupt by loading the proper C/I 
command response into C/ITRDO, then clearing the ac- 
tivation/deactivation bit in PPCR1. This will release the 
data output pin (SBIN) from being held Low and allow 
the processor to complete the activation procedure by 
sending the proper commands over the C/I Channel. 


When the activation is originated from the upstream 
device, the Am79C30A will generate an IOM 2 timing 
request interrupt (Bit 6 in PPSR) when the IOM 2 
clocks become active as indicated by the SCLK input pin 
going High. The Am79C30A will begin normal |OM 2 
transmission/reception as soon as SCLK appears; no 
intervention from the microprocessor is required. How- 
ever, the processor must respond to the interrupt and 
perform the normal C/! Channel software handshakes 
before activation will be complete. 
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Peripheral Port Registers 


The PP contains the following registers: 
Registers 


Peripheral Port Control Register 
Peripheral Port Status Register 
Peripheral Port Interrupt Enable Register 
Monitor Transmit Data Register 

Monitor Receive Data Register 

C/| Transmit Data Register 

C/I Receive Data Register 


PRELIMINARY 


# of Registers 


fh NO — — — —- HY 


AMD zl 


Mnemonic 


PPCR1, PPCR2 
PPSR 

PPIER 

MTDR 

MRDR 

CITDRO, CITDR1 
CIRDRO, CIRDR1 


Peripheral Port Control Register 1 (PPCR1) Default=01 Hex; Address =Indirect CO Hex, Read/Write 





Bit Function 





7 Monitor Channel Abort Request—This bit is automatically cleared during RESET or manually by software as 
follows: to send an ABORT message, software should set this bit, wait at least two frames, then clear the bit. 


6 Monitor Channel Enable—This bit only affects IOM 2 operation. When set, the selected Monitor Channel is 
enabled. When cleared, both monitor channels are disabled. Whenever the Monitor Channel is disabled, the 
Monitor Transmit and Receive Data Register (MTDR, MRDR) are updated to their default states: MTDR = FFH, 


MRDR = 00H. 


5 Monitor Channel Select—This bit only affects IOM 2 operation. When set, Monitor Channel 1 is used (second 


subframe). When cleared, Monitor Channel 0 is used (first subframe). 


4 Monitor End-of-Message Request—When set, this bit forces the Monitor Channel transmitter to send an EOM 
once all data written into the Monitor Transmit Data Register has been transmitted. This tells the receiving device 
that the message is complete. The bit is cleared by hardware when the EOM is sent by reset or by software. 


3 iC Channel Select—This bit only affects IOM 2 operation. When set, the IC2 time slot is used (sixth octet after the 
frame sync). When cleared, the IC1 time slot is used (fifth octet after the frame sync). The unused channel is always 


placed in a high-impedance state. 


2 IOM 2 Activation/Deactivation Bit—This bit only affects IOM 2 operation. Note that this bit controls only the starting 
and stopping of SCLK, BCL/CH2STRB, SFS, and the state of the SBIN/SBOUT pins; this alone does not constitute 
activation or deactivation of the IOM 2 bus. The activation/deactivation procedure involves the exchange of a series 
of commands and indications over the C/! Channel. This procedure, including a state diagram, is detailed in the 


IOM 2 specification. 


IOM 2 Master Mode—This bit is set by software. When deactivated, the master will turn on SCLK, BCL/CH2STRB, 
and SFS clocks via software by setting this bit when the SBIN pin is pulled Low, indicating that a downstream device 
wishes to communicate over the interface. 


The IOM 2 activation/deactivation bit is cleared by software or reset. When cleared, the clocks are stopped, and 
SBIN is monitored for the reactivation request from the slave (SBIN held Low). [Reset defaults the Peripheral Port to 


SBP operation.] 


IOM 2 Slave Mode—This bit is set by software to initiate an activation request to the master. When set, the SBIN pin 
is driven Low, and held Low until the activation/deactivation bit is cleared by software. In response to SBIN going 
Low.the master will start SCLK, which generates a timing request interrupt in the DSC circuit. The activation/ 
deactivation bit is cleared by software in response to this interrupt. 
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Peripheral Port Control Register 1 (PPCR1)— (continued) 


Bit Function 
1-0 Port Mode Select Field—These two bits select the configuration of the Peripheral Port as follows: 
Bit 
1 0 Function 
0 0 Port disabled 
0 1 SBP Mode, enabled 
1 0 IOM 2 Slave Mode, enabled 
161 IOM 2 Master Mode, enabled 


When the port is disabled, SBOUT, SBIN, and all port-related clocks are placed in a high-impedance state. 


When the DSC circuit is reset, this bit field is set to 01, and the port is not enabled until a MUX MCR register is writ- 
ten to. If this bit is cleared prior to such a path being programmed, the port will remain disabled until the bit is set via 
a software write operation. 


Peripheral Port Status Register (PPSR) 
Default = Bit 1=1, Bits 6-2 and 0=0, Bit 7 is indeterminate; Address =Indirect C1 Hex, Read 





The Peripheral Port Status Register presents various status conditions to the user, and is only used in the IOM 2 
Mode. Each of these conditions can generate an interrupt to the user. The interrupts are enabled via the Peripheral 
Port Interrupt Enable Register. The state of the respective interrupt enable bits does not affect the setting of bits in 
this register. Bits 6, 3, and 2 are cleared when this register is read. Bit 1 is cleared when the Data Register is written, 
and Bit 0 is cleared when the Data Register is read. In addition, Bits 3, 2, 1, and 0 are cleared when the Monitor 
Channel is disabled (via Bit 6 of the PPCR1 Register). Because Bit 7 i is reserved, the default value of this register 
is either 02H or 82H. 


Bit Function 
6 IOM 2 Timing Request—When the DSC circuit is the upstream device (master mode), this bit is set by hardware to 


indicate that a downstream device has requested the starting of the IOM 2 clocks. The clocks are started by software. 
This bit does not indicate the receipt of an activation request on the C/I Channel. When the DSC circuit is the downstream 
component (slave mode), this bit is set in response to SCLK starting (going High) when the bus is deactivated. 


Note: The DSC circuit will not exit Power-Down Mode in response to either a timing request or the clocks being started, if 
this interrupt is masked. It is essential that an interrupt be generated when the DSC circuit leaves Power-Down Mode. 
Otherwise, power consumption could increase significantly without the processor's knowledge. 


5 Change in C/A 1 Channel Status—This bit is set by hardware to indicate that the contents on the receive side of 
C/| Channel 1 have changed since the C/I Receive Data Register was last read. 


4 Change in C/l 0 Channel Status—This bit is set by hardware to indicate that the contents on the receive side of 
C/| Channel 0 have changed since the C/I Receive Data Register was last read. 


3 Monitor Channel Abort Request Received—This bit is set by hardware to indicate that an abort request has been 
received on the monitor channel. This indicates that the receiver on the other end of the Monitor Channel has failed to 
receive the transmitted data correctly, and wishes that the current transmission be discontinued, and the data transmis- 
sion repeated via software. 


2 Monitor Channel End-of-Message Indication Received—This bit is set by hardware to indicate that an EOM has 
been received on the monitor channel. This indicates that the message currently being received has concluded. 


1 Monitor Channel Transmit Buffer Available—This bit is set by hardware to indicate that a new byte of data can be 
loaded into the Monitor Transmit Data Register. 


0 Monitor Channel Receive Data Available—This bit is set by hardware to indicate that a byte of data has been received 
onthe monitor channel and is available in the Monitor Receive Data Register. 
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Peripheral Port Interrupt Enable Register (PPIER)=1 
Default = Write = 00 Hex, Read = Bit 7=1, Bits 6-0 =0; Address = Indirect C2 Hex, Read/Write 





The Peripheral Port Interrupt Enable Register provides an individual interrupt-enable bit corresponding with each 
of the status conditions in the Peripheral Port Status Register. When set, the interrupt is enabled. Clearing the bit 
disables the interrupt. These bits are set and cleared by software. 


Bit Function 


7 PP/MF Interrupt Enable—When set, this bit enables the Peripheral Port and Multiframing interrupts. When cleared, 
the PP and MF interrupts are disabled. 


Note: To ensure proper interrupt reporting, software must disable PP/MF interrupts when the interrupt routine is 
entered and enable them when exiting. 


Monitor Transmit Data Register (MTDR) Default = FF Hex; Address = Indirect C3 Hex, Write 


DATA DATA DATA DATA DATA DATA 
BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 


The Monitor Transmit Data Register is the user-visible portion of the Monitor Channel Transmitter Data Buffer. Data is 
written into this register by the user in response to a monitor transmit buffer available interrupt. It is then transmitted to 
the receiver on the other side of the IOM 2 bus. The MTDR is emptied when the PP is reset. 






Monitor Receive Data Register (MRDR) Default = 00 Hex; Address = Indirect C3 Hex, Read 


DATA DATA DATA DATA DATA DATA 
BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 


The Monitor Receive Data Register is the user-visible portion of the Monitor Channel Receiver Data Buffer. Data is 
written into this register by the hardware as it is received over the monitor channel. A monitor data available interrupt is 
generated when the register is loaded. The register is overwritten by sect ial id only after the register has been read. 
The default on reset is 00 hex. 





C/l Transmit Data Register 0 (C/ITDRO) Default =OF Hex; Address = Indirect C4 Hex, Write 





The C/l Transmit Data Register 0 is the user-visible portion of the C/I Channel 0 transmitter. Data can be written into 
this register by the user at any time and is transmitted continuously during each subsequent frame until changed. 
The register is set to its default value, OF hex (C/I Channel idle), by reset or disabling of the Peripheral Port. 
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C/l Receive Data Register 0 (CARDRO) Default=XF Hex; Address =Indirect C4 Hex, Read 


rt eS ee 





RSRVD RSRVD RSRVD RSRVD 


The C/l Receive Data Register 0 contains data valid for two frames from C/I Receive Channel 0. The register is set to 
its default value of XF hex by a reset or the disabling of the Peripheral Port. 


C/l Transmit Data Register 1 (CA TDR1) Default=3F Hex; Address =Indirect C5 Hex, Write 


(ca A Fa Ee Rae Se 





C/l1 C/l1 C/l1 
RSRVD RSRVD DATA DATA DATA 
BIT3 BIT 2 BIT 1 


The C/l Transmit Data Register 1 is the user-visible portion of the C/I Channel 1 transmitter. Data can be written into 
this register by the user at any time. It is transmitted continuously during each subsequent frame until changed. The 
register is set to its default value, 3F hex (C/I Channel idle), by reset or disabling of the Peripheral Port. 


C/l Receive Data Register 1 (C/IRDR1) 
Default =Bits 7 and 6 are Indeterminate, Bits 5-0 = 1; Address = Indirect C5 Hex, Read 


(eam (R a ee (Pe ee Oe 


RSRVD RSRVD 


The C/I Receive Data Register 1 contains the data (valid for two frames) from C/I Receive Channel 1. The register is 
set to its default value by a reset or the disabling of the Peripheral Port. 





C/l1 C/l1 C/l1 Ci\1 
DATA DATA DATA DATA 
BIT 4 BIT3 BIT 2 BIT 1 


Peripheral Port Control Register 2 (PPCR2) 
Default =Bits 7, 6, and 0=0, Bit 5=1, Bits 4—1 are Indeterminate’; Address = Indirect C8 Hex, Read/Write 





The Peripheral Port Control! Register 2 controls the inversion of the SCLK output in SBP Mode. This provides flexibility 
in the connection of peripheral devices to the DSC circuit. The hardware revision code is also contained in this register, 
which allows software to identify the revision of the hardware. 


* The default value is revision-level dependent. Revision E will report a hardware revision code of 001. 


Bit Function 

7-5 Hardware Revision Code—This read-only field reports the hardware revision level. Revision E of the DSC circuit will 
report a hardware revision code of 001. 

0 SCLK Inversion Enable—When set, the SCLK output is inverted in SBP Mode. When cleared, the SCLK output is iden- 


tical to the Revision D DSC circuit. This bit should not be changed while SCLK is enabled. 
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APPLICATIONS 
ISDN Feature Phone 


This basic feature phone is the ISDN equivalent to the 
common analog phone. The keypad can be a simple 
four-by-four single pole switch matrix or a larger matrix 
to provide full key system features. The display option 
illustrated in Figure 10 can be included in any of the 
applications shown in this section. 


AMD al 


ISDN Feature Phone with Parallel and Serial Data 
Ports Plus Other Peripherals 


Access to the CCITT R reference interface is provided 
via both the serial and parallel ports in Figure 11. This 
application may easily have voice capability added by 
using a DSC circuit in place of the IDC circuit. Figure 12 
illustrates applications with increased B-channel data 
processing requirements. 
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Microcontroller 





Keypad 


Am79C30A DSC Circuit 
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Processor 
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5V 
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Figure 10. ISDN Telephone 
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Figure 11. Terminal Adaptor (V.110/V.120) With Voice Upgrade Capability 
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Figure 12. PC Add-On-Board (1 or 2 Data Channels) 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings Operating Ranges 

Storage temperature ............ -65°C to +150°C Commercial (C) devices 
Ambient temperature Operating Vcc range with respect 

with power applied Be a, Ba a a as -—55°C to +125°C to Vegi e. tiie Sree See le Paced ee oe 4.75 V to 5.25 V 
Supply voltage to ground, Ambient temperature (Ta)........... 0°C to +70°C 
potential continuous . . . apron eo 0V to FEO, Operating ranges define those limits between which the 
Lead temperature (soldering, 10 sec) ....... 300°C functionality of the device is guaranteed. 

Maximum power dissipation .............. 1.5W 

Voltage from any 

pinto Vss  ..........0-- Vss—0.5 V to Vec +0.5 V 

DC input/output current 

(except US1, LS2) a cacdes.t peewee ies wees 10 mA 

DC output current, LS1,LS2 only ......... 100 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functional- 
ity at or above these limits is not implied. Exposure to abso- 
lute maximum ratings for extended periods may affect device 
reliability. 


DC Characteristics over Commercial operating ranges (unless otherwise specified) 


Preliminary 
Parameter 
Symbol | Parameter Descriptions Test Conditions 


Input High Level, except XTAL2 Poet cee te aoe = Veo + 0.25 
Input High Level XTAL2 po 8 Veo | Veo + 0.25 
Input Low Level po e025 | 08 


Output Low Level, except SBOUT lo. = 2mA 0.4 
Output Low Level, SBOUT only lo. = 7 mA 0.4 
Output High Level lon = 400 HA 2.4 

=-10 pA 0.9 Vec 


0 < Vour < Vec 
Output Leakage Current Output in High-Z State P| ato | 
Input Leakage Current 0 < Vin < Voc 
Digital Inputs +10 
LIN1/LIN2 +200 
XTAL2 TBD 
Input Capacitance Temp = 25°C 10 (TYP 
Output Capacitance Temp = 25°C 15 (TYP) 
Digital Input/Output Freq = 1 MHz 
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Table 9. Revision E Power Specifications for CCITT-Restricted Mode Phone Operation 
Preliminary 


Parameter 
Symbol | Parameter Descriptions Test Conditions 


Vce Supply Current Vec = 5.25 V; Vin = Veco; Vii= Vss; Mode = 
Power-Down; Clocks & Oscillator Stopped; LIU 4 
(Power-Down Mode) Receiver Enabled; S Interface Silent (INFO 0) 


Vcc Supply Current Vee = 5.25 V; Vin = Voc; Vi = Vss; Mode = Idle; 
fucux = 384 kHz; LIU Receiver Enabled; 20 25 
(Idle Mode) S Interface Silent (INFO 0) 


Vec = 5.25 V; Vin = Vec; Vic = Vss; Mode = Active, 
Vce Supply Current Data Only; faucix = 3.072 MHz; LIU Receiver 

and Transmitter Enabled; S Interface Activated 
(Active; Call Set-Up) with Data on D Channel Only; S-interface Load 

= 50 ohms 


Veco = 5.25 V; Vin = Voc; Vii = Vss; Mode = Active 
Voice & Data; fucux = 384 MHz; LIU Receiver 
Vee Supply Current and Transmitter Enabled; S Interface Activated 
with Data on D Channel and one B Channel; 
(Active; Voice Mode) S-interface Load = 50 ohms; AINA = -15 dBm0, 
1-kHz Sine Wave; EAR1/EAR2 = -—15 dBm0, 
1-kHz Tone Driving 600 ohms 


Vee = 5.25 V; Vin = Veo; Vi = Vss; Mode = Active, 

Data Only; fucix = 384 kHz; LIU Receiver 
Vec Supply Current and Transmitter Enabled; S Interface Activated 125 150 
(Active; Ringing, No Load’) with Data on D Channel Only; S-interface Load 

= 50 ohms; Secondary Tone Ringer Enabled at 

0 dB, 400 Hz, No Load 


Note: All power measurements assume PP disabled or in IOM 2 Deactivated Mode. 
*Power Consumption with the output loaded will be lcc4 + Now. peat) (Vcc) 


LOAD 
For Rroan = 50 ohms and Vour = —12 dB (625 mV, peak), the maximum power consumption will be 215 mW. 





AC Characteristics 
Vcc = 5 V +5%; Vss = 0 V; Ta = 0°C to 70°C; MCLK = 3.072 MHz 


MAP Analog Characteristics (Am79C30A Only) 









Parameter 
Symbol 










- Parameter Descriptions Test Conditions 
Analog Input Impedance 1.25 V <Vinn<4+1.25V 
AINA or AINB to AREF fin < 4 KHz 

Allowable Offset Voltage : , 


Rioan > 40 ohms 
and 
Croan < 100 pF 









Allowable Load LS1 to LS2 











Rioap > 540 ohms 
and 
Croan < 100 pF 





Allowable Load EAR1 to EAR2 





Rican > 1 Kohm 
and 
Croan < 100 pF 


Analog Reference Voltage ee Es eS 









Larer Allowable Load AREF to Vss or Vec 






ISDN Products 3-59 


al AMD 


MAP Transmission Characteristics 
(Am79C30A only) 


The half channel parameters are specified from AINA 
or AINB input pins to a B Channel for the transmit path, 
and from a B Channel to EAR1/EAR2 or LS1/LS2 
pins measured differentially for the receive path. The 
parameters are applicable for both A- or p-law conver- 
sion. (A-law assumes psophometric filtering, and p-law 


PRELIMINARY 


assumes c-message weighting.) All parameters are 
specified with the GR, X, R, GX, and GER filters 
disabled; STG filter is enabled but is programmed for 
infinite attenuation. 


All limits are guaranteed for Vcc = 5 V+5%, Ta=O0°C to 
70°C, and programmable filters/gains disabled (0 dB, 
flat) unless otherwise indicated. © 


MAP Transmission Characteristics (Am79C30A Only) 


Parameter 


Symbol! | Parameter Descriptions 


Test Conditions 





Preliminary 


| win | typ | Max | uni 


0 dBm0; 1020 Hz; 

TXG1 Transmit Absolute Gain (Nominal) Veo = 5 V: T = 25°C pee Pe 
Transmit Gain Variation 

TXG2 vs Temperature and Vec 0 } 0 dBimo; 1020H2 | 1020 Hz } 40.25 25 dB 

THES? || Lene Gain: Variction 0 dBmo; 1020 Hz +0.15 | dB 
vs Programmed Gain in GX 

TXGa. |, Menem alp. Valelon 0 dBm0; 1020 Hz ~0.25 +0.25 | aB 
vs Programmed Gain in GA 


Receive Absolute Gain 
at EAR1/EAR2 (Nominal) 


Receive Absolute Gain 
at LS1/LS2 (Nominal) 


RXG1E 


RXG1L 


0 dBm0; 1020 Hz; Vcc = 5 V; 
T = 25°C; Rioan > 540 ohms 


0 dBm0; 1020 Hz; Vcc = 5 V; 
T = 25°C; Rican > 40 ohms 


AxGe<1| feces Gain Variation 0 dBmo; 1020 Hz +0.25 | dB 
vs Temperature and Vec 
Receive Gain Variation 
ase? vs Programmed Gain in GR and GER SAP, Wen.tl2 j-o2s | | $028 aE 








*50 Hz—60 Hz : dB 

< 300 Hz dB 

Transmit Frequency Response 0.3 kHz-3.0 kHz : +0.25 dB 

TXF (Attenuation vs Frequency Relative to | 3.0 kHz—3.4 kHz 5 +0.9 dB 
—10 dBm0 at 1020 Hz)—see Figure 13 | 3.4 kHz—3.6 kHz ; dB 

3.6 kKHz—-3.9 kHz . dB 

3.9 kHz—4.0 kHz ! dB 

< 300 Hz dB 

Receive Frequency Response 0.3 kKHz-3.0 kHz s +0.25 dB 

RXF (Attenuation vs Frequency Relative to | 3.0 kHz—-3.4 kHz : +0.9 dB 
—10 dBm0 at 1020 Hz)}—see Figure 17 } 3.4 kHz—3.6 kHz ; dB 

3.6 kHz-—3.9 kHz A dB 

3.9 kKHz—4.0 kHz ; dB 

Transmit Group Delay Variation 500 Hz—600 Hz 750 ps 

TXD vs Frequency at -10 dBm0 Relative 600 Hz—1000 Hz 380 ps 
to Minimum Delay Frequency—see 1.0 kHz—2.6 kHz 130 Hs 

Figure 14 2.6 kKHz-2.8 kHz 750 Ss 

Receive Group Delay Variation 500 Hz-600 Hz 750 us 

RXD vs Frequency at -10 dBm0 Relative 600 Hz—1000 Hz 380 ps 
to Minimum Delay Frequency—see 1.0 kHz—2.6 kHz 130 Ls 

Figure 18 2.6 kHz—2.8 kHz 750 ys 

Transmit Signal/Tota! Distortion vs 0 to -30 dBm0 35.0 dB 

TXSTD Level; CCITT Method 2, 1020 Hz —40 dBm0 29.0 dB 
(Transmit Gain = 0dB)—see Figure 16 | —45 dBm0 24.0 dB 

Receive Signal/Total Distortion vs 0 to -30 dBm0 35.0 dB 

RXSTD Level; CCITT Method 2, 1020 Hz —40 dBm0 29.0 dB 
(Transmit Gain = 0dB)—see Figure 20 | —45 dBm0 24.0 dB 


“Measured with the high pass filter and auto-zero enabled in MMR2. 
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MAP Transmission Characteristics (Am79C30A obi Hs LaLa 




















Parameter 






Symbol | Parameter Descriptions Test Conditions 
Transmit Gain Tracking vs Level; +3 to —40 dBm0 —0.3 
TXGT CCITT Method 2, 1020 Hz (Transmit -40 to -50 dBm0 -0.6 
Gain = 0 dB)—see Figure 15 -—50 to -55 dBm0o -1.6 
Receive Gain Tracking vs Level; +3 to —40 dBm0 -0.3 
CCITT Method 2, 1020 Hz (Receive -40 to —50 dBm0o —0.6 


Gain = 0 dB)—see Figure 19 —50 to —55 dBm0 -1.6 


GX =0 dB, GA=0dB 
GX = 6 dB, GA=0dB 
GX = 6 dB, GA=6 dB 
GX = 6 dB, GA = 12 dB 
GX =6 dB, GA= 18 dB 


; ’ GR =0 dB, GER =0 dB 
Receive Idle Channel Noise GR =-12 dB, GER = 0 aB 


*Measured with the high pass filter and auto-zero enabled in MMR2. 













Transmit Idle Channel Noise 
AINA or AINB Connected 
to AREF 


TXICN 


Notes: The following test conditions apply to all MAP tests: 


1. An extemal 1-Kohm +5% resistor and 2200-pF +10% capacitor are connected in series between the CAP1 and CAP2 pins for all 
transmit tests. 


. All tests are half-channel with the sidetone path enabled but programmed for infinite attenuation (STG = 9008 hex). 
. Transmit specs are guaranteed for both AINA and AINB inputs with the auto-zero and high-pass filters enabled in MMR2. 
. Transmit specs are tested and guaranteed with the input signal source referenced to AREF; see test circuit below. 


. Receive specs are guaranteed for both EAR1/EAR2 and LS1/LS2 outputs measured differentially. Some degradation in 
performance may occur if used single ended rather than differential. 


a ROD 


Transmitter 0-dB Reference Point: 


Nominal input voltage at AINA or AINB will produce a 0-dBm, 1-kHz digital code at the transmit output with all transmit gains 
at 0 dB 


Alaw = 625 mV rms 
law = 620 mV rms 
Receiver 0-dB Reference Point: 


Nominal output voltage between EAR1/EAR2 or LS1/LS2 resulting from a 0-dBm, 1-kHz digital code at the receive input with 
all receive gains at 0 dB. 


Alaw = 1.25 V rms 
law = 1.2V rms 


0.1 pf 
AINA or AINB 


100K 
AREF 


Transmit Test Circuit with Input Source Referenced to AREF 
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Figure 14. Group Delay Variation with Frequency (Transmit) 





3-62 - Am79C30A Data Sheet 


Gain Variation (dB) 


1.6 
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Input Level (dBm0) 


Figure 15. Gain Tracking Error (Transmit) (CCITT Method 2 at 1020 Hz) 
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Signal-to-Total Distortion Ratio (dB) 


Attenuation (dB) 
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Figure 16. Signal-to-Total Distortion Ratio (Transmit) (CCITT Method 2 at 1020 Hz) 
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Figure 18. Group Delay Variation with Frequency (Receive) 
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Figure 19. Gain Tracking Error (Receive) (CCITT Method 2 at 1020 Hz) 
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Signal-to-Total Distortion Ratio (dB) 





Input Level (dBm0) See 09893E-023 


Figure 20. Signal to Total Distortion Ratio (Receive) (CCITT Method 2 at 1020 Hz) 
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LIU Characteristics 
All of the parameters below are measured at the chip terminals and are consistent with 2:1 transformers. 





Preliminary 





Parameter 
Symbol 







Parameter Descriptions 


Output mark amplitude measured between LOUT2 and LOUT1 (Note 1) | 2.210 2.326 2.442 


Receivable input level measured between LIN2 and LIN1, with noise 530 1800 
added as specified by CCITT 1.430 section 8.6.2.1 (Note 2) 
pam] 







Output impedance measured between LOUT2 and LOUT1 
spacing condition 
put impedances measured between LIN2 and LIN1 


raining aston RorentOUT = 
| Total phase deviation (LOUT with respecttoLIN) | =7_ | 18 
| Pulse unbalanced measured between LOUT2 andLOUT1 (Notes) | -5 | | +5 
6.7 


Note 1. See the equivalent test load circuit and pulse template in Figures 22 and 23. 


Note 2. The 530-mV receive input level is equivalent to 9.0 dB of attenuation from a nominal transmit level when measured at 
the LIN pins. Allowing 0.5-dB loss in the isolation transformer, and 1.0-dB loss in the input isolation resistors, this level 
will guarantee compliance to the CCITT receiver sensitivity spec of 7.5 dB when measured at the S reference point. - 


Note 3. Typical receiver performance is 220 mV. 
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+ 
Ri Ci Vs-reference) 
71 
Ri CL V(s-reference) 


09893E-024 


V (siintertace): Transmitter output at the S-interface reference point. 

Riis the termination impedance at the S Interface. 

Cis the effective capacitance at the S Interface. 

R; and Rzare the transmitter output series resistors; their value depends upon the characteristics of the pulse transformer (see equations below). 
Rs and Raare required for multipoint operation to prevent loading of the line when power is removed from the terminal. 


Figure 21. System Interface to LIU 


High Mark 


50 ohms 


Ci = 200 pF 





Low Mark 








50 ohms 
09893E-025 b c 
Py aS High Mark — S Low Mark 
a b 
09893E-026 
Figure 22. Equivalent Test | Figure 23. Differential Output Signals 
Load Conditions . Between LOUT2, and LOUT1 (Using the Test 


Circuit in Figure 23) 
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lLout 


Reorp ® N? 


Rsec Rerim @ N? 





Rie N? 
Rsec is the DC impedance of the transformer secondary (IC side of transformer). 
Reria is the DC impedance of the transformer primary (line side of transformer). 
Reorp is the DC impedance of the TE connecting cord; typically 4-6 ohms. 
N is the transformer turns ratio (N = 2 for Am79C30A/32A). 
09893E-027 


Riis the S-interface line impedance (50 ohms). 
ILour is the desired load current for the CCITT transmission templates (7.5 mA for 50-ohm line). 
Viour is the nominal output voltage from the DSC/IDC line driver. 


Figure 24. Equivalent DC Circuit at LOUT Pins for calculation of R: and R2 


Series Resistor Calculations 


lLout = Viour 


Ri + Re + Rsec + (Rerim @ N?) + (Ri @ N2) + (Reoorp @ N’) 


Ri + Re = (Viout) — Rsec — (Ren @ N2) — (Ri e N?) — (Roorp ¢ N?) 


(IlLout) 


Let Ri = Re 
1 J Viour - - 

Ri = Re=— ) 7 —Rsec — (Ream @ N?) — (Rie N2) — (Reorp @ N*) 
2 © hour 


N=2 

Ri = 50 ohms 
Viout = 2.326 V 
lLour = 7.5 mA 


Ri = Re=55.067 — 1/2 { Rsec + (4 ¢ Reni) + (4 © Reoro) } 


This equation should be used to determine the value of Ri and Re for the particular transformer used by each 
customer. 
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Microprocessor Read/Write Timing 
Microprocessor Read Timing 


Parameter Parameter 














Symbol! Description Min Max Units 
tries RD Pulse Width 200 ns 
trHRL Read Recovery Time (Notes 1, 2) 200 ns 
tava Address Valid to RD Low 20 “ons 
taHRH Address Hold After RD High 10 ns 
tricH RD High to CS High (Note 7) 0 ns 
trace Read Access Time (Note 3) 80 ns 
trnoz RD High to Dafa Hi-Z 50 ns 
trocs RD Low to CS Low (Note 4) 30 ns 
Microprocessor Write Timing 

Parameter Parameter 

Symbol Description Min Max Units 
twiwa WR Pulse Width 200 ns 
twawe Write Recovery Time (Note 1) 200 ns 
tavwe Address Valid to WR Low 20 ns 
tanwi Addess Hold After WR High (Note 8) 10 ns 
twuch WR High to CS High (Note 7) 0 ns 
toswx Data Setup to WR High 100 ns 
tonwi Data Hold After WR High 10 ns 
twacs WR Low to CS Low (Note 4) . 30 ns 





Note 1: The read/write recovery time of 200 ns holds in all cases except when a write command register operation is followed by a read data 
register operation when accessing the MAP coefficient RAM. This operation requires a minimum recovery time of 450 ns. 


Note 2: Successive reads of the D-Channel Receive Buffer require a minimum cycle time (tairy + trun.) of 480 ns. 

Note 3: Read access time is measured from the falling edge of CS or the falling edge of RD, whichever occurs last. 

Note 4; CS may go Low before either RD or WR goes Low. 

Note 5: Inminimal systems, CS may be tied Low. 

Note 6: Read and write indirect register operations cannot be mixed without at least one write command register operation between them. 
Note 7: CS may go High before either RD or WR goes High. 

Note 8: If CS goes High before WR goes High, the minimum Address Hold time becomes 12 ns. 


Note 9: RD and WA pulse width, Address setup and hold, and Data setup and hold timing are measured from the points where both CS and RD or 
WR are Low simultaneously. 
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io: Cn’. nn. (nn. Cia, 





tava taHwH 
cs \Lh \L A LAN 
twicn 
trirH twiwH > twHwe 
RD/WA Read Write Write 
trace tanoz toswx toxwu 
{ <C> 
DATA 
09893E-028 
Figure 25. Microprocessor Read/Write Timing 
Interrupt Timing 
Parameter Parameter 
Symbol Description Min Max Units 
tinte INT Cycle Time 125 us 
trec INT Recovery Time 500 ns 





09893E-029 


Figure 26. INT Timing 
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Reset and Hookswitch Timing 


Reset Timing 

Parameter Parameter 

Symbol Description Min Max Units. 
tres Reset Pulse Width 1 ys 
teHAL Power Stable to Reset Low 1 bs 
te Reset Transition Fall Time 1 ms 
tr Reset Transition Rise Time 20 ys 


Hookswitch Timing 


Parameter Parameter 


Symbol Description Min Max Units 

ta Debounce Time 16 16.25 ms 

ti HSW Detected to INT Delay 0 370 us 

Note: Due to clock start-up times, the hookswitch Min and Max Debounce times are approximately 3 ms greater in Power-Down 
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Mode. 


4.75 V 


RESET 





tr te 


; 09893E-030 
Figure 27. Reset Timing 


09893E-031 
Figure 28. Hookswitch Debounce Timing 
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OSC (XTAL2) Timing 

Parameter Parameter . Test 

Symbol Description Conditions Min Max Units 
tere. Oscillator Period 81.374 81.387 ns 
ten High Time 33 ns 

tet Low Time 33 | ns 
totcn Rise Time 10 ns 
tener Fall Time 10 ns 


Frequency = 12.288 MHz +80 ppm. 


MCLK Timing 
Parameter Parameter Test 
Symbol Description Conditions Min Max Units 
to XTAL2 Vec/2 to MCLK Load < 80pF 60 ns 
MCLK Vec/2 
trise1 Rise Time MCLK Load < 80pF 15 ns 
0.5 V to (Vec-0.5V) 
trise2 Rise Time MCLK Load < 40pF 5 ns 
1.0Vto3.5V 
tran Fall Time . MCLK Load <80pF 15 ns 
(Vcc—0.5V) to 0.5 V 
traui2 Fall Time MCLK Load < 40pF 5 ns 
3.5 Vto 1.0 V 
town High Pulse 12.288 MHz MCLK Load < 80pF 33 ns 
Width . 6.144 MHz 73 ns 
4.069 MHz 114 ns 
3.072 MHz 155 ns 
1.536 MHz 317 ns 
768 kHz 643 ns 
384 kHz 1.294 is 
tow. Low Pulse 12.288 MHz MCLK Load < 80pF 33 ns 
Width 6.144 MHz 73 ns 
4.096 MHz 114 ns 
3.072 MHz 155 ns 
1.5386 MHz 317 ns 
768 kHz 643 ns 
384 kHz 1.294 us 





Vec —0.5 V* 


*Not TTL Vin 09893E-032 


Figure 29. External Clock Driver (XTAL2) Timing 
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?— tp 
Vec/2 
Osc —4 
Vee/2 
Divide by 1 
12.288 MHz 
Divide by 2 
6.144 MHz 
Divide by 3 
4.096 MHz 
trau 1,2 
Divide by 4 
3.072 MHz 
SBP Mode Timing 
Parameter Parameter 
Symbol Description 
Tp* SCLK 
Ta High time 
Tb* Low time 
trisE SCLK rise time 
tra SCLK fall time 
tuesc MCLK to SCLK 
@6.144 MHz 
tones SCLK High to 
frame sync 
tcipo SBOUT 
Data available 
torch SBIN set-up time 
tcnpz SBIN hold time 
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trise 1.2 


tewe - tewH 


teuk 


Figure 30. OSC/MCLK Timing 


Test 
Conditions 


SCLK Load < 80pF 
SCLK Load < 80pF 
MCLK Load < 80pF 
SCLK Load < 80pF 


SBOUT/SFS 
Load = 80 pF 


Min 
5.025 


2.594 
2.431 


50 
50 


200 
0 


Max 


5.392 

2.615 

2.777 
20 
20 
60 


250 


250 


09893E-033 


Units 


us 
us 
ys 
ns 
ns 
ns 


ns 
ns 


ns 
ns 


* The frequency of SCLK is fxtaz /64. Tp and Tb are based on this SCLK frequency, but include a+163-ns allowance for 


internal phase lock loop correction. 
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Tp 


Ta Tb 
ied fain’ 0 pain Oe be 
sax JU UUUUUUU UU UU UU UU UU Ue 
SBIN or ssout XX XXX XXX XXX XX XX XXX AA AX XXX 
|}+-—— Bd ———»>|¢—__ Be ——»|q——__ Br ——_+>| 


Sel 
J 1, ——+ 





J+ 1, ——+| 


Notes: 1. For PPCR2(0)=0, SBIN data is sampled on the rising edge of SCLK, SBOUT data is changed on the falling edge of SCLK. 
For PPCR2(0) = 1, SBIN data is sampled on the falling edge of SCLK; SBOUT data is changed on the rising edge of SCLK. 
2. T1 width is eight SCLK periods. 








09893E-034 
Figure 31. SBP Mode Timing 
MCLK (6.144 MHz) 
SCLK (192 KHz) 
tons 
*SFS (8 kHz) 
SBOUT 
SBIN 
Note 1. CH2STRB timing is identical to SFS timing, but delayed by eight SCLK cycles. 
Note 2. This timing diagram reflects SCLK for PPCR2(0)=0. For PPCR2(0)=1, the diagram is identical 
except that the SCLK waveform should be inverted. 09893E-035 


Figure 32. SBP Mode MCLK/SCLK/SFS Timing 
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Parameter Signal Abbr Canaan Min Max Units 
Data Clock Rise/Fall SCLK tr, tr C.=150 pF 50 ns 
Clock Period SCLK tser 1.536 MHz 487 815 ns 
+100 PPM 
+163 ns” 
Pulse Width SCLK twit, , 260 ns 
twe 
Frame Sync SFS tr, te C.=150 pF 50 ns 
Frame Sync Setup/Clock SFS tse C.=150 pF 50 ns 
Frame Sync Delay/Clock SFS tro C.= 150 pF 0 ns 
Frame Syne Hold/Clock SFS ten C.=150 pF 50 twi+ 50 ns 
Frame Delay SFS tor C.=150 pF —twi 50 ns 
Data Delay/Clock SBOUT tose C.=150 pF 100 ns 
Data Hold/Clock SBOUT tone C.=150 pF 70 ns 
Data Setup SBIN tsp twu + 20 ns 
Data Hold SBIN tuo 50 ns | 
IOM 2 Slave Mode Timing 
Parameter Signal Abbr Min Max Units 
Data Clock Rise/Fall SCLK ta, tr 60 ns 
Clock Frequency (1/period) SCLK Ttscx 1.536 MHz Hz 
+100 PPM 
+163 ns* 
Clock Delay High/Low BCL tern, text 30 ns 
Pulse Width SCLK tw, twe 240 ns 
Frame Sync Rise/Fall SFS ta,te 60 ns 
Frame Set-up SFS tsr 70 ns 
Frame Hold/Clock SFS teu 20 ns 
Frame Delay/Clock SFS tro 0 ns 
Frame Width High SFS twru 130 ns 
Frame Width Low SFS twet tsoux ns 
Data Delay/Clock SBOUT tose 100" ns 
Data Hold/Clock SBOUT tone 70 ns 
Data Set-up SBIN tsp twa +20 ns 
Data Hold SBIN tuo 50 ns 
*The +163-ns value can occur once per frame for digital phase lock loop correction. 
**C.= 150 pF 
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| 
Cam amen OMS ania Ey cy CE (ce 
| 
cae: eee Sr ee 
| 
ee ces) ere ce 
SFS 


SBOUT : ; 5 


Detail a 


BCL 
tr 
SCLK 
twu 
tro FF 
SFS* tor 


oon { 


tose 


tw 


toxc 
a 
tuo 
Transmitter Side 
SBIN 
<eme Receiver Side 


Detail a tso 


> 
i=) 
n 


* In Master Mode, SFS is 16 SCLK cycles + set-up time + hold time in length 
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Figure 33. IOM 2 Timing 
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Switching Test Conditions 


(Input) 


2.4V 


2.0V 2.0V 
» Test Points < 





0.45V 0.8 V 0.8 V 


09893E-037 


Note: AC testing inputs are driven at 2.4 V for a logical 1, and 0.45 V for a logical 0. Timing measurements are made at 2.0 V and 
0.8 V for a logical 1, and a logical 0, respectively. 


Figure 34. Switching Test Input/Output Waveform 








Device 
Under 
Test 


C. Includes Jig Capacitance 


09893E-038 


Figure 35. Switching Test Load Circuit 
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KEY DESIGN HINTS FOR THE DSC/IDC CIRCUIT 


Due to the high level of integration of the Am79C30A/ 
32A DSC/IDC circuit, it is easy to overlook important 
design information when reading the data sheet. The 
following list of key design hints has been compiled to 
streamline the design process. A comprehensive series 
of ISDN application notes and tutorials is available from 
Advanced Micro Devices; please contact an AMD sales 
office or factory for current information. 


The AREF pin must be used to bias the AINA and 


AINB inputs. There is a datasheet parameter, Vios,. 


which states that the analog inputs must be biased to 
within 5 mV of AREF. AREF is nominally 2.4 V; nor- 
mal device-to-device variation will exceed the 5-mV 
Vios specification. If a voltage other than AREF is 
used, transmission performance at very low signal 
levels will be degraded. 


The recommended method of biasing the AINA and 
AINB inputs is to use a 15-100 Kohm resistor be- 
tween the input and AREF. The signal source should 
be AC-coupled to the analog input. Take care that the 
RC formed by the biasing resistor and blocking 
capacitor does not distort the input signal. 


The AREF output must not be loaded with a capacitor, 
since it may cause the internal buffer amplifier to be- 
come unstable. For some applications involving 
significant gain external to the DSC circuit, the AREF 
output may require a simple RC noise filter. In this 
case, the AREF output should be isolated from the 
capacitor by a resistance of greater than 1 Kohm to 
ensure stability. 


The analog gain selection value (in MMR3) should be 
written before the MAP is enabled. 


The MAP auto-zero function (MMR2) should be 
enabled before the MAP is enabled. 


The DSC/IDC circuit should be provided with de- 
coupling capacitors, situated as close as possible to 
the package power leads. In general, 0.1-.F ceramic 
capacitors are sufficient, but bulk decoupling capaci- 
tors will be required if the LS1 and LS2 loudspeaker 
outputs are driving a heavy load. 


The DSC/IDC circuit is constructed on a single 
substrate, and therefore the device power pins must 
not be from separate supplies. If there is a DC off- 
set between the analog and digital power-supply 
pins, excessive current may flow through the device 
substrate. 


TheLS1,LS2, EAR1, and EAR2 outputs are intended 
to be used differentially. Although it is possible to use 
only a single output, the rejection of power-supply 
noise and internal digital noise is improved if the 
outputs are used differentially. 


Be certain to observe the maximum loading speci- 
fication for the LS and EAR outputs. When used 
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differentially, the EAR outputs must see a minimum of 
540 ohms between them. Similarly, the LS outputs 
must see a minimum of 40 ohms. The maximum 
capacitive loading in either case is 100 pF. 


The LS and EAR outputs need not be matched to the 
load. The LS and EAR outputs are voltage drivers, 
and do not assume the presence of any particular 
load impedance. If the maximum loading specification 
is met, the LS and EAR outputs will function satis- 
factorily. In some cases, an external resistor may 
be used to center the desired output volume—for 
instance, while driving a 150-ohms earpiece with the 
EAR outputs. 


If using an EAR or LS output in a single-ended fash- 
ion, AC-couple the pin to the load. If not, the excessive 
DC current will cause signal distortion. 


When using programmable gains and filters in the 
MAP, consider the dynamic range effects such as 
truncation error and clipping. In case of questions in 
any particular application, please contact the AMD 
applications staff for assistance. 


All MAP tone generators are referenced with respect 
tothe +3-dBm0 overload voltage—that is, a 0-dB tone 
yields a +3-dBm0 output. Take care to avoid clipping 
when adding tones to signals as, for example, when 
generating DTMF waveforms. 


The RC connected to CAP1/CAP2 must be situated 
as close as possible to the DSC circuit package to re- 
duce the amount of noise coupled in from other signal 
traces. 


Observe the XTAL2 frequency accuracy requirement 
of 12.288 MHz+80 ppm. Since crystals from different 
manufacturers will vary, the DSC circuit oscillator 
output frequency at the MCLK pin must be measured 
and, if necessary, the value of the crystal load capaci- 
tors should be adjusted as part of the initial design 
procedure. An application note of oscillator consid- 
erations is available from AMD (ISDN System Engi- 
neering Application Note, order #12557). 


If driving the XTAL2 pin with the external oscillator, it 
is necessary to observe the datasheet input voltage 
and rise/fall time requirements. Note that the XTAL2 
levels are not TTL-compatible. 


Take care in board layout of the DSC circuit, as with 
any sensitive analog device. An application note of 
DSC circuit board layout hints is available from AMD 
(ISDN Systems Engineering Application Note, order 
#12557). 


The sidetone path defaults to -18-dB attenuation. If 
disabling the sidetone path is desired, the sidetone 
block must be enabled and programmed for infinite 
attenuation. 


Consider the LIU transformers, series resistors, and 
IC LIU output drivers as a functional unit. Transform- 
ers that meet CCITT !.430 requirements with other 
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transceivers are not necessarily appropriate for use 
with the DSC circuit, and vice versa. 


Interrupts should be masked when reading or writing 
any indirect or multibyte DSC circuit registers to 
prevent the possibility of an interrupt occurring and 
destroying the contents of the Command Register. 


If the MAP and secondary tone ringer are disabled, 
the EAR, AREF, and LS outputs are high-impedance. 
If the MAP is enabled, the unselected audio output is 
high-impedance. 


The MAP should not be enabled until after the LIU 
has achieved synchronization. This will eliminate the 
possibility of audible distortion when the internal 
device timing is re-synchronized to the S Interface. 


To make optimum use of the MAP digital signal pro- 
cesssing chain, use digital gain (GX) for fine adjust- 
ment, and analog gain (GA) for coarse adjustment. 


PRELIMINARY 
= The user must program the Secondary Tone Ringer 


Frequency Register (STFR) with a legal value before 
enabling the secondary tone ringer. 


In order to exit Power-Down Mode due to LIU 
activation, both the F7 interrupt and the DSC/IDC 
circuit interrupt pin must be enabled. In order to exit 
Power-Down Mode due to IOM 2 activation, both 
the l1OM 2 Timing Request interrupt and the DSC/IDC 
circuit interrupt pin must be enabled. 


The MAP auto-zero function must be enabled prior 
to enabling the MAP. For all normal applications, the 
auto-zero function should always be enabled. 


To ensure proper operation of the filters (X and R) and 
gains (GX, GR, GER, STGR, and ATGR), these reg- 
ister blocks should not be accessed more frequently 
than 128-1 intervals. This allows the internal buffers 
to the map to operate properly since they are updated 
only once per frame. 
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Quad Exchange Power Controller (QEPC) Devices 


DISTINCTIVE CHARACTERISTICS 


™ Supplies power for up to four-digital telephone ™ Status detectors for each line driver; open 
lines loop, current overload, low output voltage, 


i thermal overload. 
= Conforms to the CCITT recommendations for normalevenca 


power feed at the S or T reference point @ Programmable current limiting 
@ Applications for intelligent NTs and PABX/ @ Automatic shutdown of overloaded lines 
Cent ice li rd 
Shite) OMice Ine cares H@ Automatic thermal shutdown 
™ Supports point-to-point and point-to-multi- . rae 
: : : ™ §=©Microprocessor-compatible interface 
oint configurations , 
P a including interrupt on current overload 
@ Built-in battery control circuit for operation at F 
_40 V a P M High-voltage bipolar technology allows battery 


voltages up to -65 V 


@ Each of the four lines is individually controlled 
ere @ Output current up to 150 mA per driver 


BLOCK DIAGRAM 


Address 





' 
‘ 
' 
t 
Status i 
Register Multiplexer K.———_ > Detect 
' 
i] 
' 
' 
t 
t 
t 
' 
t 
i] 
> So 
' 
Data cS) rm Si 
Register Drivers : S, 


Voltage 
Reference 





pa odes pao, Vss Veo DGND lum 09153-001A 
ALE Ao CS Ds-Do RD WR INT RESET 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended 
to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
Publication #:09153 Rev.D Amendment /0 
issue Date: April 1990 
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GENERAL DESCRIPTION 


The Am7938 Quad Exchange Power Controller (QEPC) 
provides a power source for up to four line interfaces. 
The power source to the Am7938 is a local battery ora 
centralized regulated power supply. The Am7938 can 
reside in intelligent NTs or PABX/Central Office line 
cards. It can operate in point-to-point and point-to-multi- 
point configurations. Via the Am7938’s microprocessor 
interface, each powered line is individually controlled 
and monitored. The power to each line can be controlled 
independently. Therefore, overloads and faults are easy 
to detect and localize even in a large system. The status 
conditions detected by the Am7938 on each line that 


GLOSSARY OF ABBREVIATIONS 


Ao Address Bit 

ALE Address Latch Enable 

BGND Battery Ground (Battery refers to 
Telephone Line Supply) 

Cz Battery Compensation Capacitor 

CCITT Consultative Committee for International 
Telegraph and Telephone 

CO Central Office 

COD Current Overload Detector 

cs Chip Select 

Ds—Do Data Lines 3-0 

DGND Digital Ground 

IAR Indirect Address Register 

Tum Current Limit Programming 

Isuim S-Output Current Limit 

INT Interrupt 

ISDN Integrated Services Digital Network 

LER Line Enable Register 

LVD Low Voltage Detector 
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may be read by the microprocessor are: low output volt- 
age, open loop, current overload, thermal overload, and 
normal line conditions. 


Current limit and thermal shutdown circuits protect the 
Am7938 against overload conditions. However, certain 
applications may require additional external protection 
circuitry. 


The Am7938 has been developed specifically for 
CCITT-compatible ISDN configurations. Recognize, 
however, that due to its versatile design, the Am7938 
can be used in numerous other applications. 


MPI Microprocessor Interface 

NT Network Terminator 

OLD Open Loop Detector 

PABX Private Automatic Branch Exchange 
RD Read 

Rum Current Limit Programming Resistor 
RSRVD Reserved 

Ss S Reference Point 

S3-So S Driver Lines 3-0 

TE Terminal Equipment 

T/l Thermal/interrupt Bit 

TOR Thermal Overload Register 

U U Reference Point 

Ve Battery-control Voltage 

Ves Battery Supply 

Vee +5-V Power Supply 

Vss Substrate Voltage 

WR Write 
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CONNECTION DIAGRAM 
Top View 


24-Pin DIP 





Notes: 1. Pin 1 is marked for orientation. 
2. Reserved (RSRVD) pins should not be connected externally to any signal or supply. 





ORDERING INFORMATION 


AMD standard products are available in several packages and operating ranges. The order number 
(Valid Combination) is formed by a combination of:. a. Device Number 

b. Speed Option (if pa 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM7938 


D Cc B 
; oer e. OPTIONAL PROCESSING 
Blank Standard Processing 
B Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to+70°C) 
: c. PACKAGE TYPE 


D = 24-Pin Ceramic DIP (CD 024) 


b. SPEED OPTION 


a. DEVICE NUMBER/DESCRIPTION Not Applicable 
Am7938 
Quad Exchange Power Controller (QEPC) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult ~ 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 








Valid Combinations 


ISDN Products 3-83 


at AMD 


PIN DESCRIPTION 


Ao 
Address Line (Input) 


Ao selects source and destination locations for read and 
write operations on the data bus. Ao must be valid on the 
falling edge of ALE or during RD and WR if ALE is tied 
High. 


ALE 
Address Latch Enable (Input; Active High) 


ALE is aninput control pulse used to strobe the address 
on the Aoline into the address latch. This signal is active 
High to admit the input address. The address is latched 
on the High-Low transition of ALE. While ALE is High, 
the address latch is transparent. For an unmultiplexed 
microprocessor bus, ALE must be tied High. 


BGND 
Ground Battery 


Regulated output on Vs is referenced to this ground. 


Ca 


Battery Compensation Capacitor 


Cz is intended for users who operate the QEPC with an 
external Darlington transistor (Figure 2) to allow users a 
simple way of stabilizing the QEPC/Darlington circuit 
over a wide range of operating conditions. If the voltage 
_onthe S-output drivers oscillates due to some instability 
~ of the Darlington, a capacitor should be connected to Cz, 
with the other side of the capacitor connected to Vs. 


cs 

Chip Select (Input; Active Low) 

CS must be Lowto enable the read or write operations of 
the Am7938. Data transfer occurs over the Ds—Do lines. 
The interaction of CS, RD, WR, and Ds—Do is described 
below. 


Ds—Do 

Data Bus (Input/Output; Three State, Active High) 
The four bidirectional data bus lines are to exchange 
information with a microprocessor. Dois the least signifi- 
cant bit and Ds is the most significant bit. A High on the 
data bus corresponds to a logical 1. These lines act as 
inputs when WR and CS are active and as outputs when 
RD and CS are active. When CS is inactive, the Ds—Do 
pins are placed in a high-impedance state. 


DGND 
Ground Digital 


Digital ground to logic. 


PRELIMINARY 


lum 

Current Limit Programming (Input) 

lum programs the current limit of the S drivers using 
an external resistor connected between lum and Vss. 
The lum pinis 1.25 V more positive than Vss. The current 
limit is 5 mA plus 1000 times the current in the external 
resistor. The programmed current limit applies to each S 
driver. 


INT 
Interrupt (Output; Open-Collector, Active Low) 


INT augments the Microprocessor Interface by generat- 
ing an interrupt when a Current Overload Detector 
(COD) occurs. INT is active whenever any bits in the 
COD register are active. Note that INT is not latched; 
when the COD register is zero, INT goes inactive (High). 
INT will also go inactive if the QEPC automatically dis- 
ables the S-output driver that caused the interrupt (due 
to Thermal Overload), or if the microprocessor disables 
that line via the Line Enable Register (LER). COD inter- 
rupts can be masked via the Indirect Address Register 
(IAR); RESET always disables the INT pin. 


RD 

Read (Input; Active Low) 

The active Low read signal is conditioned by CS and 
transfers internal information to the data bus. If Ao isa 
logical 0, logic levels of the Indirect Address Register 
(IAR) and Thermal Shutdown Status bit will be trans- 


ferred to Ds—Do. If Aois a logical 1, the data addressed by 


the IAR will be transferred to Ds—Do. 


RESET 

Reset (Input; Active High) 

RESET initializes the registers in the Am7938, leaving 
the S drivers switched off. 


S3—So 

S Drivers (Output) 

Ss—So each supply power to one line. The outputs can 
sink up to 150 mA each. The voltage at the line is con- 
nected to Ves through a saturated transistor switch. 


Ve 
Battery Reference Voltage (Output) 


Vs provides an output proportional to the deviation of Ves 
from an internal—40 V reference with respect to BGND. 
Ve can be used as a driver for an external PNP Dar- 
lington power transistor supplying power from the 
battery to Ves (see Figure 2). 
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Ves 
Supply Voltage S Driver (Input) 


Ves supplies power to the S drivers. 


Vec 
+5-V Power Supply (Input) 


Vss 
Substrate Voltage (Input) 


Vss is.the internal negative supply voltage. Vss must 
always be connected to the most negative supply volt- 
age. The MPI Registers will not function properly when 
the battery power is disconnected, that is, when Vss is 
floating or grounded. The QEPC should also be reset if a 
drastic transient is applied to Vss. 
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WR 

Write (Input; Active Low) 

The active Low write signal is conditioned by CS and 
transfers information from the data bus to an internal 
register selected by Ao. If Ao is a logical 1, Ds—Do is 
written into the Line Enable Register (LER). If Ao is a 
logical 0, Ds—Do is written into the IAR. LER and IAR are 
the only two writable registers in the Am7938. 
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FUNCTIONAL DESCRIPTION 


The Am7938 is divided into two sections, the Analog 
section and the Microprocessor Interface (MPI) section. 
The analog section provides power and detects the 
status of the S lines. This status information is available 
to the microprocessor via the MPI. 


Initialization 


The Am7938 is initialized when reset by an external sig- 
nal applied to the RESET pin. In the initialized state the 
analog drivers are switched off, the Indirect Address 
Register (IAR) is cleared, and the internally latched 
address Ao is cleared. 


—40 V Power 


The voltage at the S drivers is approximately Ves (less 
Vsat). A regulated -40V S output can be achieved by 
using the Vz pin to drive an external Darlington power 
transistor. 


Analog Section 


The major functions of the analog section are the four 
line drivers, which are saturated Darlington transistor 
switches capable of sinking up to 150 mA each. The 
power to the drivers is derived from the negative supply 
voltage (Ves) to the Am7938. The output voltage to each 
line is slaved to Vee, and the voltage drop in each driver 
is approximately 1.5 V. 


Line driver protection is provided through the integration 
of current limit and over-temperature shut-off. The cur- 
rent limit is hardware-programmable via an external 
resistor (Rum) connected between Im and Vss. The lum 
pin is 1.25 V more positive than Vss. The output limit is: 
5 mA+1000-1.25 V/Rum. This 1000 xgain makes the 
lum pin susceptible to external noise. Care should be 
taken to connect Rum as close to the QEPC as possible. 


The thermal shut-off is internally set at approximately 
175°C. At this temperature all the drivers are uncondi- 
tionally switched off. However, at approximately 140°C, 
only the drivers that are in the current-overload condi- 
tion will be turned off. 


Status detectors, associated with each of the line driv- 
ers, monitor the load conditions on each line by compar- 
ing an electrical parameter (e.g., current and voltage at 
the line) with a reference level. The output of each de- 
tector can be read by the microprocessor. In addition to 
these status detectors, the temperature of the Am7938 
is monitored via integrated temperature detectors. The 
detectors respond at approximately 140°C and 175°C, 
as defined above, and the 175°C detector can be moni- 
tored by the microprocessor via the MPI. The status de- 
tectors provide the following information from each of 
the lines (all detectors have built-in hysteresis): 


Low Output Voltage Detection 


The low-output-voltage status bit becomes active when 
the output transistor is pulled out of saturation. 


Open Loop Detection 


The open-loop status bit becomes active when the cur- 
rent on the line drops below a minimum value. 


Current Overload Detection 


The current-overload status bits become active when 
the current on the line nears the current limit. These bits 
activate the INT output if COD interrupts are enabled via 
the IAR Register. . 


Thermal Overload Detection 


If the Am7938 device temperature reaches 140°C, then 
all the line drivers in the current-overload condition will 
be switched off and the corresponding bits in the Ther- 
mal Overload Register will be cleared. If the device tem- 
perature increases to 175°C, all the line drivers will be 
turned off, and all the bits in the Thermal Overload Reg- 
ister will be cleared. The T-bit will also be set, and it can 
be read along withthe Indirect Address Register (IAR) to 
indicate that all the drivers have been turned off. To 
initialize any of the bits in the Thermal Overload Regis- 
ter, the microprocessor must first turn off the line drivers 
via the Line Enable Register (LER) (see MPI definition). 
The line drivers must not be reactivated until the T-bit 
in the address register is cleared by the temperature 
detector in the Am7938. 


MPI Section 


The MPI allows the user to access the detectors defined 
in the analog section. The line driver's status bits are 
grouped by function. Bits 3-0 of the detectors corre- 
spond to lines 3-0, respectively. The status groups are: 


Low Voltage Detector (LVD) 
Open Loop Detector (OLD) 
Current Overload Detector (COD) 
Thermal Overload Register (TOR) 


The data is not latched in these status groups except in 
the TOR. Thus, the user should filter (multiple samples) 
the received data to ensure its integrity. There are two 
other registers in the MPI: the Indirect Address Register 
(!AR), and Line Enable Register (LER). 


The IAR contains 3 bits that address the desired status 
group or the LER. The IAR is read along with the T-bit 
defined in the analog section. The microprocessor can 
read the IAR to check the validity of the address. A 1-us 
delay is required between a Write to the LER Register, 
followed by a Read of that same register. Subsequent 
reads of the LER do not have this constraint. 
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The LER is used to enable or disable the individual line 
drivers. The line drivers will only become active if the 
corresponding bit in the TOR is inactive. The LER isa 
read/write register. The MPI contains the interface to the 
following pins: 


Ds—Do Bidirectional Data Bus 

Ao Input Address Line 

ALE Input Address Latch Enable 
RD Input Read Enable 

WR Input Write Enable 

cs Input Chip Select 

INT Output COD Interrupt 


The 4-bit bidirectional data bus (Ds—Do) is used to com- 
municate with the registers. Access to the registers is 
controlled by CS, RD, WR, ALE, and Ao as shown below. 
A read or write cycle must be preceded by a valid Ao. Ao 
is latched internally in a transparent latch by ALE. The 
selection of the status group or the LER is determined by 
the content of the IAR. 


The truth table for the MPI control is shown below: 


CS RD WR Ao 

0 1 0 0 Write IAR (T bit is read only) 
0 0 1 0 Read IAR and T bit 

0 1 0 1 Write LER 

0 0 1 1 Read status groups or LER 
1 X X X No access 
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Indirect Address Register (IAR) and T/! Bit 


The IAR is 3 bits wide and accessible through the data 
port, Dz—Do. The content of the Indirect Address Regis- 
ter (IAR2-IARo) determines the selection of the status 
groups or the LER. The thermal overload bit T/I is read 
and written at the same time as IAR and occupies Ds. 
This register has the following format: 


Bit Symbol 

0 IARo Bit 0 of the IAR 

1 IAR, Bit 1 of the IAR 
2 |AR2 Bit 2 of the IAR 

3 Til T bit: (Read only) 


Logical 0: temperature normal . 
(default value) 


Logical 1: temperature above 175°C 
(all drivers shut off) 


| bit: (Write only) 

Logical 0: INT pin disabled 

Logical 1: COD interrupts enabled 
via INT pin 


IAR2-IARo address the status groups and the LER as 
shown below: 


IAR2 IAR: IARo Select 

0 0 0 LVD 

0 0 1 OLD 

0 1 0 COD 

0 1 1 Reserved 
1 0 0 Reserved 
1 0 1 Reserved 
1 1 0 LER 

1 1 1 TOR 
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The contents and format of the status groups and the 
LER are as follows: 


LVD: 
Bit Logical 1 Logical 0 (default value) 
0 So low voltage So voltage normal 

1 S: low voltage S; voltage normal 

2 Sz low voltage S2 voltage normal 

3 Ss3 low voltage Ss: voltage normal 


The Low Voltage Detector (LVD) indicates the voltage 
level on the S lines, even when the lines are disabled. 
Note however, that the detection threshold is slightly dif- 
ferent. The low-voltage condition becomes active (logi- 
cal 1) if the output reaches the Low Voltage Threshold 
(Vivo). 


OLD: 
Bit Logical 1 Logical 0 (default value) 
0 Soopen loop So current normal 

1 S: open loop S; current normal 

2 S2 open loop Sz current normal 

3 Ss open loop Ss current normal 


The Open Loop Detector (OLD) indicates the open-loop 
condition on the S lines. The open-loop condition 
becomes active (logical 1) if the current on the line drops 
below the threshold value ISOC. 


COD: 


Bit Logical 1 Logical 0 (default value) 


on + Oo 


So current overload 
S; current overload 
S2 current overload 
Ss current overload 


So current normal 
S1 current normal 
S2 current normal 
Ss current normal 


The Current Overload Detector (COD) indicates the cur- 
rent-overload condition on the S lines. The overload 
condition becomes active (logical 1) ifthe output current 
approaches the value programmed by an external resis- 
tor between lum and Vss. 
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TOR: 

Bit Logical 1 (default value) Logical 0 
0 So operational So off 

1 S; operational Si off 

2 S2 operational S: off 

3 Ss operational Ss off 


The Thermal Overload Register (TOR) contains the 


overload status of the S line drivers. If the Am7938 
device temperature reaches 140°C, then the S line driv- 
ers that are in the current-overload condition will be 
switched off. The corresponding bits in the TOR will be 
set to a logical 0 . To initialize any of the bits in the TOR, 
the microprocessor must first turn off the S line drivers 
via the LER. However, the TOR bits cannot be deacti- 
vated if the 175°C detector is active. The nP may re- 
enable the S drivers via the LER afterthe TOR condition 
is removed. The TOR is a read-only register. 


LER: 
Bit Logical 1 Logical 0 (default value) 
0 So on So off 

1 Sion : S: off 

2 S2 on S2 off 

3 Ss on Ss off 


The Line Enable Register (LER) is used to enable or dis- 


able the individual S line drivers. The S line will only 
become active if the corresponding bit in the TOR is set 
to a logical 1. The LER can be written directly and read 
indirectly. 
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APPLICATIONS 


The Am7938 major applications are in intelligent NTs, 
and in PABX and Central Office line cards. The applica- 
tions show the Am7938 interfaced to the CCITT S inter- 
face point; however, the Am7938 can be used to control 
the power feed for any transformer coupled system, that 
is, the CCITT U interface point. 


The Am7938 Used With a Regulated Supply 


Figure 1 shows the Am7938 used with a regulated sup- 
ply voltage of Vas = —40 V —Vsar. The output voltage 
from the S drivers (because of the voltage drop across 
the internal transistors) will be Vsat more positive than 
Ves. The Ve and Cz pins are unused; Vss is tied to Ves. 
Other battery voltages can be used. The Am7938 can 
power up to eight TEs per S line provided the total cur- 
rent per line does not exceed 150 mA. 


Recommended Decoupling: 
210 uF from Vcc to DGND 
0.1 WF from Vec to DGND 
1.0 uF from Vss to DGND 
Vss shorted to Vee 
DGND shorted to BGND 


The Am7938 Used With an External Power 
Transistor 


Power to the Am7938 is supplied from the local battery 
with an external power transistor to dissipate power 
from the Am7938. The Am7938 allows battery voltages 
up to -65 V provided the external power transistor can 
handle the power dissipation (see Figure 2). 


Recommended Decoupling: 
210 pF from Vcc to DGND 
0.1 WF from Vec to DGND 
1.0 uF from Vss to DGND 
0.1 LF from Ves to DGND 
TBD uF from Cs to Ve 
DGND shorted to BGND 


The Am7938 Employing a Relay to Provide 
Polarity Reversal 


The CCITT recommends that polarity reversal be used 
to resolve the power contention in a point-to-multipoint 
configuration when local power is lost. In Figure 3, polar- 
ity reversal is implemented using the Am7938 and one 
additional relay. The coil and contacts of the relay are 
connected so that the relay is activated when local 
power is available, and is deactivated when local power 
is lost. Hence, power consumption is minimized when 
local power is lost. 


Analternative solution for power contention resolution is 
to power only a few lines when local power is lost. In the 
Am7938, each line is independently controlled via the 
microprocessor through the LER, hence, the micropro- 
cessor can turn off non-priority lines as required. 
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Four Am7938s Interfaced to a Microprocessor Bus 


Figure 4 illustrates four Am7938s interfaced to a micro- 
processor. Only the lower four data lines from the 
microprocessor’s 8-bit data bus are used. These are 
connected to the Am7938’s Ds—Do pins. In a non-multi- 
plexed microprocessor bus system ALE must be tied to 
a logical 1. 


Protection of the QEPC Against Overvoltage 


In Central Office (CO) or long-line PABX applications, 
the QEPC requires additional external protection 
against lightning and voltages induced from the power 
lines. 


Figure 5 shows how the QEPC and the system is 
protected via an overvoltage-limiting device and fuse 
resistors. 


The voltage-limiting device limits the voltage on the S 
line to a safe value, and the fuse resistors break the cir- 
cuit if a continuous high-power source is connected to 
the S line. The diode in the battery line prevents the line 
surges from going below the substrate voltage. 


General Information 


INT should be connected to an edge-triggered input on 
the controlling microprocessor since |NT is not latched. 
In this way, the microprocessor interrupt logic will latch 
the fact that INT went Low. INTis an open-collector out- 
put so that multiple QEPCs can be wire-ORed to pro- 
duce a single interrupt for all QEPCs on a line card. It is 
impossible to read the Current Overload Interrupt mask 
since the interrupt mask bit is shared with the Thermal 
Shutdown bit (MSB of the IAR). Therefore, it is prudent 
to keep a RAM copy of the interrupt mask if this status is 
required for the application. 


The microprocessor should enable one S Output Driver 
at a time (via the LER) to avoid undue current surges 
through the QEPC. This is due to the inherently induc- 
tive nature of the S Interface Lines. The user should 
expect the corresponding bits in the COD Register to 
momentarily become active when the Line has just been 
enabled. Because of this, it is recommended to mask 
the COD Interrupt (via the IAR Register) until all desired 
lines are enabled. In addition, for highly inductive lines, 
the user should connect a 0.01-uF capacitor from each 
S Output Driver pin to Vss. Protective diodes should also 
be connected to S Output Drivers under these condi- 
tions (see Figure 5). 


The COD Interrupt Service Routine should not blindly 
assume that the S Interface Line corresponding to the 
COD bit is shorted and immediately disable that line. A 
short circuit condition can be determined by the pres- 
ence of a COD and aLow Voltage Detector (LVD) onthe 
same line. This fact should be considered if the line 
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normally operates near the programmed current limit 
(set by Rum). Also, a momentary COD Interrupt may be 
generated by an additional load if the line was already 


+5V 


PRELIMINARY 


operating near the programmed current limit. The COD 
Interrupt Service Routine should read the COD Register 
again to determine if the COD was a transient spike. 
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Figure 1. The Am7938 Used With a Regulated Supply 
(other battery/Sou voltages can be used) 
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Figure 2. The Am7938 Used With an External Power Transistor 
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Figure 3. The Am7938 Employing a Relay to Provide Polarity Reversal 
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Figure 4. Four Am7938s Interfaced to a Microprocessor Bus 
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Figure 5. Protection of the QEPC Against Overvoltage 
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Figure 6. Current Into Vs 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........... —60°C to +150°C 
Voltage from Digital Input 
IO: DGND ck cance sade cea seas —0.4 V to Vcc 
‘Voltage from Vcc 
LO DIGI Dg Si ovat desde tars nie aha Soest -0.4Vto7V 
Voltage from Vss 
16 DGND oie i paw erdaenag nde -70V to +0.4V 
Voltage from Ves 
160 DGND 2 2 sense gaeee ve (Vss—0.4 V) to +0.4 V 


Se eee eee and (Vcc —70 V) to +0.4 V 


100-ns Pulse Voltage from Si 


to DGND (Notes 1 and3)......... -90Vto+2V 
Voltage from BGND 
LOIDGND: sit uve etna d cae ts eek Vss to Vec 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
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OPERATING RANGES (Note 2) 


Commercial (C) Devices 


Ambient Temperature(Ta) ........ 0°C to +70°C 
DGND> eiccskncac ines cow eek eecka aaa te OV 
BGND Voltage .............. —2Vto+0.5V 
Vec Voltage ...........002 02 eee +5 V+5% 
Ves Voltage ................. -65 V to-38 V 
Vss Voltage, Va Unused ................. Ves 
Vss Voltage, Ve Used .......... -65 V to-43 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Notes: 
1. Sistands for So, Si, S2, or Ss outputs. 


2. Operation at smaller Ves magnitudes is possible, but 
parameters are not guaranteed. Ves must be at least -15 V 
with respect to BGND. 


3. The test condition is specified with a diode in series with Ves 
as shown in Figure 5. 
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ss” [oc [| oe [on 
Symbol! Description Test Conditions Typ Unit 
Vu____|_Logicinputightevel | | zo TT 
Vi. | _LogicinputLowLevel | 
iw | Logie Output High Current | Weraavy | 400 | | ——~*d A 
lot | Logic OutputLow Current | (Vn=0.4V) | 20 | | Lm 
F | Logic InputHigh Current | (Vw=2ov) | Tt 
h |_Logic InputLowCurrent | (Wu=oevyy | | || 
loz | Output Hi-Z CurrentHigh | (2.4V<Vor<Vec) | | | ta 
in | Output Hz CurrentLow [0c Vercoavy [|| | 10] ua 
lee | Vec Supply Curent | TBD Lm 
C. | Logie InpuvOutput Gapactiancs | ——S—S~d~SSCSSC~d Std dC 
Vsat Saturation Voltage (Vsi — Ves), 
Is Current Into Vs (see Figure 6) Ves = —42 V nA 
Iss Vss Supply Current Vss = —65 V, 
iw | Ves Supply Current Ven=—42V | (Outputs Disables) | | 2.6 | Ted | ma 
Isun Limit Current }Ruw=8.62K =| TBD | 150 | TBD mA 
ee. eee ee toe mA 
Relative to Ves 3 TBD Vv 
ix | Current Overload Detectorlan) | | Tap} es | ten | % 
Isoc | Current at Open CircuitDetector | | TBD |S | TBD | mA 
lz | SiCurrentto Ground, SiDisabled | Siisithoutput_ | | 50 | TBD | HA 
Hwo___|_LowVoltage DetectorHysteresis | | | Om 
Hoo | OpenLoopDetectorHysteresis | | | tm 
He | Thermal Detector (140°C) Hysteresis] ———=+4|——~d~tSt | SSC~d 
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SWITCHING CHARACTERISTICS over operating range 


Parameter Parameter Parameter 
Number Symbol Description 


Microprocessor Read/Write Timing 


RD, CS Pulse Width 
trnrt - RD Recovery Time 
treba RD, CS Low to Data Available 


ae 

| RDorCSHightoDataHiZ | 

teat | ALE PulsoWidth 
a 

=O i 

| 200 | 

| 100 


Unit 


110 ns 


tapaL Address Setup Time 
tapaz Address Hold Time 
tazre Address Hi Z to RD Low 


OPN LO), apraA@s Pola 


_ 
Oo 


twowH WR or CS Pulse Width 
twawe Write Recovery Time 


wo 


= 
—_ 


toawu Data Setup Time 
Data Hold Time | 30 


12 


Reset Timing 


texAL Power Stable to Reset Low 


tice Reset Recovery Time to Access 


220 
200 
200 
200 
700 


| 200 
| 380 
| 200 | 
| Reset Pulse With 200 
eee 
| 700 








Si Timing Typ 
16 Si Output Enable Time (from LER ae ae! 
17 Si Output Disable Time (fromLERorRESET) | 2 | 


Note: All switching characteristics tests are performed with a 100-pF test load, and TTL-compatible voltage levels. 


Us 
us 


a 
on 
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ALE J. bettie! Ny / ‘ 


1 taoad Nica 


Le 
» XM AX XM XX 
| tee CNoieD Rote > 


} 












cS | 
teal 
I tatrH j 
RD | \/| 
| 
| tryoz 
trea ! al 


—* 
Data 
CNote 3 


Notes: 


1. If teu is negative, trurt, trun, tazet, ANd trios are Measured from CS rathar than RD. 

2. If trucn is negative, taurt, trurH, and taypz are measured from CS rather than RD. 

3. Whenaread fromthe LER immediately follows a write to the LER, a minimum of 1 1s is required between these operations. 
This is to allow the internal buffers in the Am7938 to settle. Subsequent reads from the status group or the LER do not have 
this restriction. 


Figure 7. Microprocessor Read Timing 
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ALE pA / \ 


teoacl tthe 
XXX 


Ao 





DATA 


Zz 
— 





Notes: 1. If teu is negative, twaw. and twwa are measured from CS rather than WR. 
2. If twuch is negative, twaw., twowH, toawH, and twHpz are measured from CS rather than WR. 
3. The propagation delay from the writing of the T/I bit to the effect on the INT pin is approximately 1.3 ps for both 
mask and enable operations. 


Figure 8. Microprocessor Write Timing 
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RESET 





Figure 9. Reset Timing 
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PHYSICAL DIMENSIONS 


Preliminary; package in development. BSC is an ANSI standard for Basic Space Centering. Dimensions are 
measured in inches or millimeters. 
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ALABAMA wee cisiisscccecsinsincsesSocvastsevessenstesnpeesveevececetenses (205) 882-9122 
ARIZONA si svscsscccsiccsecvccvsiectestsccrcotsctuatsssctonesscveasseve (602) 242-4400 
CALIFORNIA, 
CHIVER Cltyccseimsipiitelccciintourcau etnias (213) 645-1524 
Newport Beach ..... cess (714) 752-6262 
Sacramento(Roseville) (916) 786-6700 
SAM Die QO -iccsicsccsssesescccsscencerevedecsevecs ctidsetseenterrses (619) 560-7030 
SAM JOS0 i scccsntivessvcrsseninvevssussnievvsesteceintaceastusteees> (408) 452-0500 
Woodland Hills... scesstesssscsecrecesrenecsesseeens (818) 992-4155 
CANADA, Ontario, 
KM ate sss .cd scvcesecedetentesncisgsacetspetevsuns ddvuesisecetecnistes (613) 592-0060 
Willowdale seaeeecnsy (416) 224-5193 
COLORADO ......cecsesecssseneene :.(803) 741-2900 
CONNECTICUT (203) 264-7800 
FLORIDA, 
CIO ArWatOrvisssscsccvscssosssscvvesserevavsssensecvssssconsnestenss (813) 530-9971 
Ft: LQUCSrdale vcs ccssvecssvccsets scacvaresvessecvsesecedees e053 (305) 776-2001 
Orlando (LONQWOOT).....csssecssestsseseeceeceerseees (407) 862-9292 
GEORGIA 25 ceiesccs iastenictececteitesaccalosansceidavessioccecscseiv’ (404) 449-7920 
IDA ss csccsetsccvascveey eiessssdenncaticaessiggeasece sdsesaaibindardiins (208) 377-0393 
ILLINOIS, 
Chicago (ItaSCa) occ sssssssesesecsceseeseeensees ene (708) 773-4422 
Na pOrvill cscs ccccrecvencscecéccseivtecucsscecesocesrasessaoet nea (708) 505-9517 
MARYLAND si. cscsccdvscsivesecaccsncducacisdevcensetscniainnsenoevers (301) 381-3790 
MASSACHUSETTS ...ecsssssesessteecescreceseretsssesscaees (617) 273-3970 
MINNESOTA itissciscssssstesceicescecdes stedecccasciecsedoestsansece (612) 938-0001 
NEW JERSEY, 
CHEST Hill. csccssesssscsssessessessesssesesssecnssseesessesseceses (609) 662-2900 
ParsipPany’ssisicsecsscvcsscetvvexssansicescucsagvacsedes ioedoeaoes (201) 299-0002 
NEW YORK, 
BIOWStOE is cccssccisescescsanceses sdesecsiaetence cunsethoedecstececss (914) 279-8323 
FOCHOSIGR ic ctsieesctssccscoesyersishctsscsenand overeat tcestateus’ (716) 425-8050 
NORTH CAROLINA 
Charlotte:'s:.ccctecsoscesdvsnesssvecdeocesesesssensnnscenssseiceaseeas (704) 875-3091 
PRLS gM icsesecvesssacutecasosvsceccusssvacassetsveavdastecinasivesiess (919) 878-8111 
OHIO, 
Columbus (Westerville)... .ccsscsseccseneereeneees (614) 891-6455 
DAYtOM ie sisisissavseticiesosacneoevdensibssaavandvtvescsasdevecnszeess (513) 439-0268 
OREGON orice iscitssten case sndh ccessecsensauss itseiec cssueneddvevantee (503) 245-0080 
PENNSYLVANIA 1... ce cssesesecccsssssesessecseeseevrsenreesees (215) 398-8006 
TEXAS, 
AUS osdes ccccee tae iae eink cadsaccasennndeie tices Ueabeveossesdaveed (512) 346-7830 
DEAS zs sis csastczcebschpetiecoresioosdscsdisitncoecidaneetenstisens (214) 934-9099 
HOUSCOM Ss icssesccseesceesscteedactets sssiasdhcen isk catvaeussessbevees (713) 376-8084 
International pace ie 
BELGIUM, Antwerpen ..... TEL.........ccsseseseessenees (03) 248 43 00 
FAX, sasscscasensaseastesvecviveris (03) 248 46 42 
FRANCE, Paris (1) 49-75-10-10 
(1) 49-75-10-13 
GERMANY, 
Bad Homburg ...........0 PEL wiccsscsveciccee cots rechineie (06172)-24061 
FAX ssicecivecensvessssivasestces (06172)-23195 
MUN chen ....... cesses TBD ve ecsssitscvss Qeascssvsees do cueeies (089) 4114-0 
FAX.. ...(089) 406490 
HONG KONG, ....ccsessseseseees We ai tecscesssesccscteteatetesaeact (852) 865-4525 | 
Wanchai FAX cstccsvesveresssaceetanssees (852) 865-1147 
ITALY, Milano... AVE Lisesstacrcvreetcuneats (02) 3390541 
BAX tei tecccevsediciehcoacariveeys (02) 38103458 
JAPAN, 
AtsUGh ccs nanitaincnave TEL Sacinaceeuteones (0462) 29-8460 
FAX seieievess stecerusscsesseieerg (0462) 29-8458 
Kanagawa .......eeee ME Livcsesstiechsoasecccseneatace (0462) 47-2911 
BAX ckoaintaituces (0462) 47-1729 
TOKYO sivcisecdethetincedspecies TE bisecseh taccsevsivcaecvessests (03) 3346-7550 
FAX siiiiceiiseiiaccischieisacs (03) 3342-5196 
OSAKA wascsscsscsssssreeseseees AD Blsscachtseescsoostostoevetins (06) 243-3250 
PAX citi San nanaiae (06) 243-3253 
KOREA, Seoul..............0. TE bess ceccisnnsders tvesedesczics (82) 2-784-7598 





AX i wantaniui (82) 2-784-8014 

LATIN AMERICA, 
Ft. Lauderdale ............. PEL. scissecsdevesiversetseanees (305) 484-8600 
FAX sicciccivesesecetiesaesieace (305) 485-9736 
SINGAPORE .......eeeeeeeee TEL wiriiscctincidestiae cn: (65) 3481188 
FAX oocccoscccscscetgeveisiaenenaee (65) 3480161 

SWEDEN, 

Stockholm area ........... TEL Acsitasesiesverncsacten (08) 98 61 80 
(Bromma) FAX sc isssssthavecsteasdnsaversaes (08) 98 09 06 
TAIWAN, Taipei .....c.ccc00e TEL scsscsscssescsseeesesseee (886) 2-7153536 
PAX ieacatincais (886) 2-7122183 


UNITED KINGDOM, 


Manchester area (0925) 828008 





(Warrington) (0925) 827693 

London a7@a wesc (0483) 740440 

(Woking) (0483) 756196 
North American Representatives __ 
CANADA 
Burnaby, B.C. - DAVETEK MARKETING........... (604) 430-3680 
Kanata, Ontario — VITEL ELECTRONICS........... (613) 592-0060 
Mississauga, Ontario — VITEL ELECTRONICS .(416) 676-9720 
Lachine, Quebec — VITEL ELECTRONICS......... (514) 636-5951 
ILLINOIS 

Skokie — INDUSTRIAL 

REPRESENTATIVES, ING ui cessscctesesseerenees (708) 967-8430 
INDIANA ; 

Huntington - ELECTRONIC MARKETING 

CONSULTANTS, INC... cscsessessssssersesesseesseees (317) 921-3450 

Indianapolis - ELECTRONIC MARKETING 

CONSULTANTS, INC. cccsstssceseeeseeeeees (317) 921-3450 
IOWA 

LORENZ'SALES. oii ccicsidsccscsssesscesssavtescosteddeitioacs (319) 377-4666 
KANSAS 

Merriam — LORENZ SALES ou... eccsssseseereeecreeee (913) 469-1312 

Wichita ~- LORENZ SALES uu... sssesssstessesesssreeee (316) 721-0500 
KENTUCKY 

ELECTRONIC MARKETING 

CONSULTANTS, INC. sceessecreretereeseeteneeee (317) 921-3452 
MICHIGAN 

Holland ~- COM-TEK SALES, INC ou... cece (616) 335-8418 

Novi — COM-TEK SALES, INC wo... eeeeeereeseseee (313) 227-0007 
MINNESOTA : 

Mel Foster Tech. Sales, ING. wu... eesseeerenees (612) 941-9790 
MISSOURI 

LORENZ SALES ....seecssecsseesecsssseesessesereeserens (314) 997-4558 
NEBRASKA 

LORENZ SALES 0... eccsssstessseesetsneseosenseseeees (402) 475-4660 
NEW MEXICO 

THORSON DESERT STATES .....esceseseseseseeee (505) 883-4343 
NEW YORK 

East Syracuse — NYCOM, INC .ceeesesesens (315) 437-8343 

Hauppauge — COMPONENT 

CONSULTANTS, INC .iicccssccesseeseesssssssecsssessens (516) 273-5050 
OHIO 

Centerville - DOLFUSS ROOT & CO............ (513) 433-6776 

Columbus — DOLFUSS ROOT & CO.............. (614) 885-4844 

Westlake - DOLFUSS ROOT & CO... (216) 899-9370 
OREGON 

ELECTRA TECHNICAL SALES, INC.............. (503) 643-5074 
PENNSYLVANIA 

RUSSELL F. CLARK CO. INC. os esssseseees (412) 242-9500 
PUERTO RICO 

COMP REP ASSOG, INC ....eessssessseenessenenee (809) 746-6550 
WASHINGTON 

ELECTRA TECHNICAL SALES ........sesseeees (206) 821-7442 
WISCONSIN 

Brookfield — INDUSTRIAL : 

REPRESENTATIVES, ING ......ccssssssccssseseererenses (414) 789-9393 
UTAH 

Front Range Marketing ........scsssssssesersserscerees (801) 264-2900 


Advanced Micro Devices reserves the right to make changes In its product without notice in order to improve design or performance characteristics. 
The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to 
the industry. For specific testing details, contact your local AMD sales representative. The company assumes no responsibility for the use of any 
circuits described herein. 
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